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ABSTRACT
Nikhil Ashok Ahuja. Ph.D. The University of Memphis. August 2021. Factors Associated with
E-cigarette Quit Intention and Behavior among Adolescents in the United States.
Major Professor: Satish K. Kedia, Ph.D., MPH

Adolescent e-cigarette use has reached an epidemic level in the United States (US). It is
therefore critical to encourage adolescents to quit e-cigarettes. The present research draws upon
the Stages of Change (SOC) of the Trans-theoretical Model (TTM) and the Socio-Ecological
Model to examine: 1) the association of socio-ecological factors with the SOC for intention to
quit e-cigarettes among US adolescents; 2) the transitions across stages of e-cigarette quitting
and its association with socio-ecological factors; and 3) the association of socio-ecological
factors among US adolescents who quit using e-cigarettes (quitters) vs. those who did not quit
(non-quitters). We conducted one cross-sectional (n=349) and two prospective observational
studies (n=243 and n=177) using data from past 30-day adolescent exclusive e-cigarette users
participating in Wave 3 and/or Wave 4 of the Population Assessment of Tobacco and Health
(PATH) survey. Data analyses were performed using weighted unadjusted and/or adjusted
multivariate and multinomial logistic regression analysis, and structural equation modeling
(SEM). At the individual level, we found that adolescents who perceived that people cause a “lot
of harm” to themselves relative to “no harm” when they use e-cigarettes were approximately 11
times more likely to be in the preparation stage than pre-contemplation stage. Furthermore,
adolescents were significantly less likely to quit e-cigarettes if they perceived that people harm
themselves “a little/some” from e-cigarettes and nicotine in e-cigarettes was “slightly/somewhat
harmful” to health. At the interpersonal level, those adolescents who reported that important
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people in their life used e-cigarettes were significantly less likely to transition from precontemplation to action stage and 6.8 times more likely to remain stagnant in the precontemplation stage. At the environmental/policy level factors, adolescents who “often/very
often” and “rarely/sometimes” noticed health warnings on e-cigarette packages relative to those
who “never” noticed such warnings were approximately 4.7 times and 3.2 times, respectively,
more likely to be in the contemplation stage than pre-contemplation stage. The SEM findings
showed direct significant relationship of individual (b =0.206, p = 0.02) and interpersonal factors
(b = 0.170, p = 0.04) with e-cigarette quitting behavior. Multi-level interventions are needed to
encourage adolescents to positively navigate through stages of quitting e-cigarettes, and
eventually help them to quit using these products.
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CHAPTER I

INTRODUCTION
E-cigarettes – Origin and Descriptions
Electronic cigarettes were first developed by a Chinese pharmacist, Hon Lik, in 2003 and
are currently referred to by tobacco companies and consumers by various names, including “ecigarettes”, “e-hookahs”, “cigalikes”, “e-cigs”, “mods”, “tank systems”, “vape pens” and
“vapes” (Grana et al., 2014; US Department of Health and Human Services, 2016). E-cigarettes
are novel battery-operated hand-held devices that typically deliver nicotine, flavorings, and other
additives (eg. glycerin) to users via an inhaled aerosol (Centers for Disease Control and
Prevention, 2021). They were introduced in the United States (US) in 2007; they have since
become an increasing source of public health concern, especially among youth (Gee et al., 2021;
Jones & Salzman, 2020).
There are numerous varieties of e-cigarette products currently available in the market,
with many different shapes, sizes, and styles. These products range from “closed systems” which
resembles traditional cigarettes, cigars, or pipes, to advanced generation e-cigarettes (e.g.,
rechargeable, pens, mods, or USB-like devices, tank systems) which are comparatively larger in
size, and cylindrical, rectangular, or square in shape. Furthermore, these advanced generation
products allow users to adjust the length of puffs by modifying the temperature of the heating
element and the concentration of the vapor (Centers for Disease Control and Prevention, 2021;
US Department of Health and Human Services, 2016). Major tobacco companies like Philip
Morris, R. J. Reynolds, and Imperial Tobacco currently dominate the US e-cigarette market and
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have developed a multibillion-dollar industry, with most of their products targeted towards youth
(Kong & Krishnan-Sarin, 2017; Risi, 2017).
Adolescent E-cigarette Usage in the United States
While the prevalence of traditional cigarette and smokeless tobacco use has decreased
rapidly between 2011-2019 (Meza et al., 2020), the use of e-cigarettes has increased at an
alarming pace among US adolescents, making them the most commonly used tobacco product
(Centers for Disease Control and Prevention, 2021; Jenssen & Boykan, 2019). The current (i.e.,
in the past 30 days) use of e-cigarettes among 6th to 12th grade students in the US increased from
1.1% in 2011 to 27.5% in 2019 (Truth Initiative, 2019; US Department of Health and Human
Services, 2016; T. W. Wang et al., 2020). Due to the rapid increase in e-cigarette use, the U.S.
Surgeon General recently issued an advisory declaring e-cigarette use as an “epidemic” among
youth (Center for Disease Control and Prevention, 2019). According to the most recent data,
around 3.6 million U.S. middle and high school students are currently using e-cigarettes,
including 19.6% (3.02 million) of high school students and 4.7% (550,000) of middle school
students (T. W. Wang et al., 2020).
Recently, TM JUUL has emerged as the most popular e-cigarette brand among adolescents
(Hammond et al., 2018), with a 600% increase in sales from 2016 to 2017, and holding the
greatest market share of any e-cigarette brand in the US (King et al., 2018). Studies have shown
that adolescent’s experiment with e-cigarettes mainly due to its appealing flavors and for
curiosity and enjoyment purposes (Kong et al., 2015; Saddleson et al., 2016; Zare et al., 2018);
other reasons for increased e-cigarette usage include its aesthetic similarity to adolescent’s
personal electronics, ability to consume higher levels of nicotine, more discreet and shorter
duration use sessions, family/peer influence, greater social acceptance, ease of accessibility,
2

exposure to e-cigarette advertisement and marketing, low harm perceptions, and use and impact
of social media (Keamy-Minor et al., 2019; Kong et al., 2015; Kong & Krishnan-Sarin, 2017;
Sapru et al., 2020). All these determinants of e-cigarette use may account for the development of
dependence among adolescents, which may cause persistence and escalation of use in the future
(Morean et al., 2018; Vogel et al., 2020).
Adverse Effects of E-cigarette Use
Although e-cigarettes generally contain fewer carcinogens and toxicants compared to
combustible tobacco products, they are not harmless, and researchers continue to study their
long-term health effects (Centers for Disease Control and Prevention, 2021). There is now
increasing evidence that e-cigarettes can expose users to certain chemicals, including nicotine,
carbonyls (eg. formaldehyde, acrolein), and other volatile organic compounds, which are toxic in
nature and known to have adverse health consequences (US Department of Health and Human
Services, 2016). Some e-cigarette aerosols contain high levels of ultrafine particles, flavorants,
and inhalational irritants, which may substantially increase the risk of respiratory and
cardiovascular diseases, and death (Glantz & Bareham, 2018; Shields et al., 2017).
Nicotine exposure is known to affect the developing adolescent brain and may impede
learning, memory, and concentration in the adult life (Schraufnagel, 2015). Evidence suggests
that nicotine delivery in some e-cigarettes can even exceed that of combustible cigarettes
(Ramôa et al., 2016), leading to increased symptoms of nicotine dependence among adolescents
that are specific to e-cigarettes (Case et al., 2018; Morean et al., 2018). Additionally, there are
reports of unintentional injuries due to defective e-cigarette batteries, as well as cases of
poisoning by swallowing, breathing, or absorbing e-cigarette liquid through skin or eyes among
children (Centers for Disease Control and Prevention, 2021). Most recently, the presence of
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tetrahydrocannabinol and vitamin E acetate in e-cigarettes was strongly linked to the outbreak of
e-cigarette, or vaping, product use-associated lung injury (EVALI), causing 2, 668 hospitalized
cases or deaths, of which 15% of patients were under 18 years old (Center for Disease Control
and Prevention, 2020). Given the presence of different varieties of e-cigarettes in the market and
limited regulation placed on its product standards and safety, it is challenging to understand the
overall public health impact of e-cigarettes on youth (Gottlieb, 2019; Schraufnagel, 2015).
E-cigarette Debate among Scientific and Professional Communities
Since the advent of e-cigarettes, their public health impact has been heavily debated
globally among health professionals and policy makers (K. E. Smith et al., 2021). The focus has
been on the potential role of e-cigarettes as a harm reduction or cessation option, especially
among adult smokers (Kong & Krishnan-Sarin, 2017). Some scientists argue that e-cigarettes are
a lower risk substitute to traditional cigarettes, and therefore they should not be heavily regulated
and made freely available to help smokers to quit or reduce cigarette consumption (Hajek,
Phillips-Waller, Przulj, Pesola, Myers Smith, et al., 2019; Polosa et al., 2011). On the other hand,
tobacco control advocates are concerned that e-cigarette products may appeal to many non‐
tobacco users who would not otherwise use nicotine, especially adolescents, or, in the case of ex‐
users, encourage them return to tobacco use (Kong & Krishnan-Sarin, 2017). There is increasing
evidence that e-cigarettes act as a gateway to other tobacco products and substance use among
adolescents (Dai et al., 2018; Ren & Lotfipour, 2019; Stanton et al., 2019).
In a recent meta-analysis (R. J. Wang et al., 2021), findings from observational studies
(n=55) indicated no significant association of e-cigarettes with increased smoking cessation
among adults, but, in randomized controlled trials (n=9), adult smokers who were provided ecigarettes reported more quitting compared to conventional therapy; it is also important to note
4

the concern of publication bias, overestimation of findings, and unspecified confounding
variables with respect to the observational studies and trials included in this meta-analysis.
Therefore, the US Preventive Services Task Force has concluded that there is currently
insufficient evidence to assess the balance of benefits and harms of e-cigarettes for tobacco
cessation in adults (US Preventive Services Task Force et al., 2021). Gee et al (2021) suggested
that e-cigarettes should be discouraged, especially among non-tobacco users, and tightly
regulated; however, any recommendation of e-cigarette use for adult smoking cessation should
be relegated to healthcare professionals as a targeted clinical intervention.
Current State of Literature on E-cigarette Quit Intention and Behavior
The rapidly increasing popularity of e-cigarettes, along with limited evidence on their
safety, and greater potential risks of nicotine addiction has made it critical to assist long-term
users (especially those who exclusively use e-cigarettes) to quit these products. The results of a
handful of published studies pertaining to e-cigarette users’ intentions and behavior to quit vary
widely across samples and countries. For instance, most long-term e-cigarette users in Europe,
self-selected from an online cessation websites, have reported no intention of stopping ecigarettes, but one-quarter to one-half of those who intended to stop are interested in using ecigarette cessation support (Etter, 2019). In another European study, which conveniently selected
e-cigarette users, approximately 25% expressed a desire to quit e-cigarettes, and 14% had ever
tried to quit (Jankowski, Lawson, et al., 2019). Similarly, in a UK-based non-representative
online survey, the majority of users did not attempt to reduce e-cigarettes (73.4%), and had little
intention to quit e-cigarettes within the next two months (96.6%) (Skerry et al., 2018). A large
cross-sectional online survey in the US has also reported lower likelihood of intention to quit
among users with positive e-cigarette expectancies (Harrell et al., 2015). It is important to note
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that although online survey has been a useful approach for conducting exploratory research in the
area of e-cigarette cessation, it has its own limitations, especially in terms of excluding those
users who do not have access to internet or smart phones (Etter, 2019; Harrell et al., 2015).
Recently, a nationally representative study showed that U.S. adults who are dual users (ecigarette and cigarette users) and never cigarette smokers are less inclined to stop e-cigarettes
and have higher rates of failed quit attempts compared to former smokers (Palmer et al., 2021).
A few other studies in the US have also highlighted increased interest in quitting or
making quit attempts among adult e-cigarette users. For instance, among a representative sample
of U.S. adults, more than 60% of e-cigarette users planned to quit someday, almost 16% wanted
to quit in the next 30 days, and more than a quarter had already made quit attempts (Rosen &
Steinberg, 2020). In another non-representative online survey, approximately 65% of U.S. ecigarette users reported to have made at least one e-cigarette quit attempt (Garey et al., 2019).
Furthermore, recent studies indicate that online searches for e-cigarette cessation support
increased during the outbreak of e-cigarette associated lung injury in the US in 2019 (Kalkhoran
et al., 2020; Leas et al., 2020).
To date, only a few studies have examined adolescent users’ quit intentions and behavior,
especially among those who exclusively use e-cigarettes. In a couple of studies, nearly half of the
adolescents have reported either quitting or are seriously interested in quitting e-cigarettes
(Saminathan et al., 2019; Smith et al., 2020). In a study by Wong et al. (2016), nearly two thirds
of young college students expressed an interest in quitting e-cigarettes (Wong et al., 2016).
Similar results have been reported from the recently conducted Truth Initiative surveys, in which
nearly 50% to 60% of young users in the US said that they want to quit e-cigarettes (Truth
Initiative, 2020b, 2021). Furthermore, although over half (55%) of youth e-cigarette users
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believe that it would be easy to stop using them (Bernat et al., 2018), only 25% have tried to quit
during the past year (Smith et al., 2020). Additionally, recent data suggest that approximately
37% of youths were able to quit e-cigarettes after the onset of COVID-19 pandemic (Gaiha et al.,
2020). The present study fills a gap in the literature by not only assessing the e-cigarette quit
intentions and behavior among US adolescents, but also examining the factors associated with it.
Factors Important for E-cigarette Quit Intention and Behavior
Understanding factors that can guide adolescents to quit e-cigarettes would be critical in our
efforts to develop e-cigarette cessation prevention and treatment programs, as well as effectively
regulate e-cigarettes in the US. Teens and young adults have reported that they are driven to quit
e-cigarettes because of health concerns, family responsibilities (eg. does not want their kids to
use e-cigarettes), the desire to be free from addiction, and social factors such as others’
impressions of them (Amato et al., 2021; Saminathan et al., 2019; Vu et al., 2018). In other
studies, adolescents/young adults have said that they discontinued e-cigarettes as they were just
experimenting with it, lost interest, did not like the taste, or found e-cigarettes to be less
satisfying than traditional cigarettes (Kong et al., 2015; Pepper et al., 2014). Adolescents are also
significantly more likely to quit e-cigarettes if they were aged 13 year and older, and used nonnicotine containing e-cigarettes (Saminathan et al., 2019).
There is also evidence suggesting significant association between nicotine dependence
and previous quit history of e-cigarettes (Garey et al., 2019; Morean et al., 2018; Peraza et al.,
2020). Adolescents who present greater symptoms of nicotine dependence are less likely to be
interested in quitting e-cigarettes or making quit attempts (Case et al., 2018). Similarly, nicotine
dependent dual users (e-cigarette and cigarette users) have lower quit intention than cigaretteonly smokers (Azagba et al., 2019; Osibogun et al., 2020). Furthermore, a recent study
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conducted after the COVID-19 pandemic began has found that users are less likely to quit if they
consumed e-cigarettes more than 10 times or were nicotine dependent (Gaiha et al., 2020).
There is strong evidence that adolescents underestimate their health and addiction risks or
have misperceptions associated with e-cigarette use as compared to traditional cigarettes
(Ambrose et al., 2014; Amrock et al., 2015; Barrington-Trimis et al., 2015; Bernat et al., 2018;
Gorukanti et al., 2017; Russell et al., 2020), which negatively affects their intention to quit
(Wong et al., 2016). The rapid innovation by e-cigarette manufacturers to produce high tech
products will further increase adolescent’s misperceptions (McKelvey et al., 2018), making it
difficult for adolescents to quit using e-cigarettes. Furthermore, having a parent or other family
members who uses e-cigarettes (Barrington-Trimis et al., 2015; Fite et al., 2018; Pentz et al.,
2015) also influences perceptions of e-cigarette use among children or adolescents (Moore et al.,
2020), which in turn may affect their quit intentions and behavior. Studies have shown that
parents lack knowledge about e-cigarette products or perceive e-cigarette aerosol as safe for
children, and therefore, are less concerned about their children’s e-cigarette use, as compared to
regular cigarette smoking (Drehmer et al., 2019; Patel et al., 2019; Sabbagh et al., 2020). This
may be the reason that parents are more likely to adopt smoke-free policies than e-cigarette free
policies at home (Drehmer et al., 2019). Recently, youths/young adults have reported that they
decreased their e-cigarette use during the COVID-19 pandemic as they were at home and
concerned that their parents would come to know about their e-cigarette usage (Gaiha et al.,
2020). In one of the studies, youths reported that even if their family members were aware about
their e-cigarette use, they received mixed messages from them that were mostly positive towards
e-cigarette use (Alexander et al., 2018)
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There are other social and environmental factors which may influence e-cigarette quit
intention and behavior. For instance, social interactions (e.g. use of e-cigarettes among friends),
and social norms and acceptability of e-cigarettes, which are known to impact the uptake of ecigarettes among adolescents (Amin et al., 2020; Barrington-Trimis et al., 2015; Keamy-Minor et
al., 2019; Kong & Krishnan-Sarin, 2017; Pentz et al., 2015) may also discourage quitting among
adolescents. Additionally, despite restrictions, aggressive e-cigarette advertisement and
marketing practices on television, print, and social media, along with the easy accessibility to
purchase these products online and in-person from retailers (Kong et al., 2015; Kong &
Krishnan-Sarin, 2017; Sapru et al., 2020; Schiff et al., 2021) may also make it difficult for these
at-risk population to quit. Recent evidence indicates that after the COVID-19 pandemic began,
youths/young adults decreased their e-cigarette use as it was difficult for them to access ecigarette shops and most products were unavailable (Gaiha et al., 2020). Furthermore, studies
have also shown that health warnings on e-cigarette packages may motivate users to quit ecigarettes (Brewer et al., 2019; Mendel et al., 2018) by increasing their risk perceptions (Lee et
al., 2018); however, very few youth and young adults in the US notice health warnings on ecigarette packages, or recall nicotine-addiction messages (Sontag et al., 2019).
Theoretical Background
Building upon the current literature, the present study draws upon a national dataset to
examine factors associated with e-cigarette quit intention and behavior among US adolescents.
More specifically, the present study utilizes the Stages of Change (SOC) of the Trans-theoretical
Model (TTM) (DiClemente et al., 1991; Prochaska & Velicer, 1997) and the Socio-Ecological
Model (McLeroy et al., 1988). Both of these models have been widely used in studies of health
behavior change, including tobacco cessation (Glanz et al., 2015).
9

According to the SOC, behavior change is a process that unfolds over time and progresses
through a series of six stages, although frequently not in a linear manner. In the
precontemplation stage, people do not intend to take action in the next six months; those in
contemplation intend to change their behaviors in the next six months; in the preparation stage,
people intend to take action in the next month; those in the action stage have changed their
behavior within the past six months; in the maintenance stage, the behavior change may
typically last from 6 months to about five years; and finally those in the termination stage have
zero temptation and 100% self-efficacy, and are unlikely to return back to their unhealthy
behaviors (Glanz et al., 2015). It is also important to note that the criteria of using timeframes for
defining each stage in the SOC remains controversial (Sutton, 2001; West, 2005). However,
there is evidence of reasonable construct and predictive (prediction of making a quit attempt)
validity of this model, which is comparable to other relevant instruments (Hummel et al., 2018).
The present study focuses on the first four SOC to conceptualize the process of the intention to
quit e-cigarettes, as well as quitting behavior among adolescent e-cigarette users: (1) not at all
thinking about quitting (precontemplation), (2) thinking about quitting (contemplation), (3)
making preparations to quit (preparation), and (4) taking action to quit (action) (DiClemente et
al., 1991; Glanz et al., 2015; Prochaska & Velicer, 1997). The first three stages (precontemplation, contemplation, preparation) represent the user’s intention to quit e-cigarettes
(Jung, 2016; Kim et al., 2018; Leem et al., 2017), while the stage is equated as “action” when an
e-cigarette user make changes in his/her behavior i.e quit e-cigarettes (Glanz et al., 2015;
Hoving, 2006).
The Socio-Ecological Model has been extensively used to examine multiple levels of
influences on health behaviors to guide the development of comprehensive intervention
10

approaches (Glanz et al., 2015; McLeroy et al., 1988). According to this framework, the
individual level characteristics that influence e-cigarette quitting are perceptions, knowledge, or
attitude; the interpersonal level factors are social network groups like family, friends, or peers
that provide identity and support for quitting; at the organization level, the institutions that
provide counselling or treatment programs or any other organization that constrain or promote
quitting behaviors; at the environmental/policy level are the formal or informal social and
cultural norms or local, state, and federal policies and laws that may influence quitting behavior
(National Cancer Institute, 2005). The present research uses nationally representative data from
Population Assessment of Tobacco and Health (PATH) study to examine the individual,
interpersonal, and environmental/policy level factors that could influence e-cigarette quit
intentions and behavior among US adolescents. Understanding the socio-ecological factors
would be crucial for policy makers to develop and implement effective e-cigarette cessation
interventions or programs in the future that focus on multiple levels of influence.
Study Aims
The aims of the present research are:
Study 1 (Cross-sectional study): To examine the association of various socio-ecological factors
with the stages of change for intention to quit e-cigarettes (pre-contemplation, contemplation,
and preparation) among US adolescents from Wave 4 of the Population Assessment of Tobacco
and Health (PATH) study;
Study 2 (Prospective observational study): To examine the transitions across stages of ecigarette quitting (pre-contemplation, contemplation, preparation, and action) and its
association with various socio-ecological factors among US adolescents from Wave 3 to Wave 4
of the PATH study; and
11

Study 3 (Prospective observational study): To examine the association of various socioecological factors with e-cigarette quitting behavior among US adolescents from Wave 3 to
Wave 4 of the PATH study.
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CHAPTER II

Factors Associated with E-cigarette Quit Intention among Adolescents in the United
States: Findings from Wave 4 of the Population Assessment of Tobacco and Health
(PATH) study
Nikhil Ahuja, MDS1, Satish Kedia, PhD, MPH1, Yu Jiang, PhD2, Kenneth D. Ward, PhD1,
Latrice C. Pichon, PhD, MPH1, Patrick J. Dillon, PhD3, Xinhua Yu, PhD 2
Manuscript in preparation: “Nicotine and Tobacco Research” Journal
1

Division of Social and Behavioral Sciences, University of Memphis, School of Public Health,
Memphis, TN

2

Division of Epidemiology and Biostatistics, University of Memphis, School of Public Health,
Memphis, TN, USA

3

School of Communication Studies, Kent State University at Stark, North Canton, OH

INTRODUCTION
Electronic Nicotine Products (ENPs), typically referred to as “e-cigarettes,” have gained
popularity among US adolescents in recent years (Centers for Disease Control and Prevention,
2020a; US Department of Health and Human Services, 2016). In 2020, 19.6% (3.02 million) of
high school students and 4.7% (550,000) of middle school students reported using an e-cigarette
during the past 30 days (T. W. Wang et al., 2020). As demonstrated by these figures, ecigarettes––which typically deliver nicotine and other additives/toxicants via a flavored inhaled
aerosol without any combustion (Glantz & Bareham, 2018)––have shown great appeal among
adolescents, providing the tobacco industry with a new avenue for generating nicotine-based
products sales (Kong & Krishnan-Sarin, 2017; Schraufnagel, 2015). Recent evidence suggests
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that e-cigarettes are often the first tobacco product used by adolescents; furthermore, those who
begin using e-cigarettes are more likely to use combustible tobacco products or other substances
in the future (Barrington-Trimis et al., 2016; McCabe et al., 2018; Ren & Lotfipour, 2019).
The increase in adolescent e-cigarette use is concerning for several reasons.
Nicotine exposure to the developing adolescent brain can lead to cognitive and behavioral
impairments (US Department of Health and Human Services, 2016). Although determining longterm health effects of e-cigarettes will require more research, short term exposure to propylene
glycol, glycerin, and other toxic chemicals present in these products have been shown to
adversely impact cardiovascular and respiratory systems (Glantz & Bareham, 2018). In addition
to these risks, a recent outbreak of lung injuries associated with e-cigarettes containing
tetrahydrocannabinol prompted the US Centers for Disease Control and Prevention (CDC) and
Food and Drug Administration (FDA) to warn the public, especially youth, not to consume such
products (Centers for Disease Control and Prevention, 2020b).
Given the rise in e-cigarette use, and the potential risks associated with these products
(Green et al., 2018; Kong & Krishnan-Sarin, 2017), motivating and assisting long term ecigarette users to quit has become a public health priority (Rosen & Steinberg, 2020). Studies
have reported mixed results pertaining to adult e-cigarette users’ desires/intentions to quit using
these products depending on the representativeness of study samples and the geographical
location in which they were conducted. While some studies indicate that the majority of ecigarette users express little to no intention to quit (Etter, 2019; Harrell et al., 2015; Skerry et al.,
2018), others suggest that most users express strong desire to stop using these products––with
more than 60% wanting to quit “some day” and almost 16% wanting to stop in the next month
(Rosen & Steinberg, 2020; Wong et al., 2016). Furthermore, more than a quarter of US adults
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have already made attempts to quit e-cigarettes in the past year (Rosen & Steinberg, 2020), and
approximately 65% reported at least one e-cigarette quit attempt (Garey et al., 2019).
While research pertaining to adolescent users’ quit intentions (especially among those
who exclusively use e-cigarettes) is more limited, a recent descriptive survey conducted by Truth
Initiative has shown that almost half of 15- to 24-year-olds expressed a desire to stop using ecigarettes (Truth Initiative, 2020b). Smith et al. (2020) found similar results––reporting that
44.5% of adolescents are seriously interested in quitting e-cigarettes and 24.9% have tried to quit
during the past year. Recent qualitative studies indicate that adolescents and young adults who
express a desire to stop using e-cigarettes identify negative impacts of e-cigarette use on their
physical/mental health, academic performance, and social relationships; others cite a loss of
interest in using e-cigarettes, family responsibilities, and high costs as reasons for quitting
(Amato et al., 2021; Kong et al., 2015; Vu et al., 2018). Other studies suggest that health
warnings on e-cigarette packages may motivate users to quit e-cigarettes (Brewer et al., 2019;
Mendel et al., 2018); however, it is also seen that very few youth and young adults notice ecigarette health warnings or recall nicotine-addiction messages (Sontag et al., 2019).
Furthermore, although over half (55%) of youth e-cigarette users believed that it would be easy
to stop using them (Bernat et al., 2018), current evidence suggests that stronger nicotine
dependence observed among adolescents may actually make it more difficult to quit (Case et al.,
2018; Garey et al., 2019; Morean et al., 2018; Peraza et al., 2020). Additional research indicates
that misperceptions regarding the potential harmfulness and addictiveness of e-cigarettes
(Ambrose et al., 2014; Amrock et al., 2015; Gorukanti et al., 2017) as well as mixed messages
from parents and other family members (Alexander et al., 2018) may negatively impact
adolescents’ quit intentions or attempts. Similarly, factors such as social interactions (e.g. use of
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e-cigarettes among friends), easy access to purchasing e-cigarettes, and exposure to e-cigarette
advertisements and marketing, which are known to influence the e-cigarette uptake among
adolescents (Amin et al., 2020; Barrington-Trimis et al., 2015; Kong & Krishnan-Sarin, 2017;
Pentz et al., 2015), might also impact quit intentions.
Building upon this current body of research, the present study draws upon a national data
set to examine factors associated with e-cigarette quit intentions among US adolescents. More
specifically, the present study draws upon the Stages of Change (SOC) of the Trans-theoretical
Model (TTM) (DiClemente et al., 1991; Prochaska & Velicer, 1997) and the Socio-Ecological
Model (McLeroy et al., 1988). Both of these models have been extensively applied to various
studies of health behavior, including tobacco cessation (Glanz et al., 2015). An e-cigarette user
may go through all five stages of change for quitting, which includes pre-contemplation,
contemplation, preparation, action, maintenance, and termination (Glanz et al., 2015; Prochaska
& Velicer, 1997). This study focuses, in particular, on the first three stages of change––i.e., precontemplation, contemplation, preparation––which primarily relate to user’s intention to quit
(Jung, 2016; Kim et al., 2018). Furthermore, the use of the socio-ecological model allows us to
examine the influence of factors at multiple levels affecting the e-cigarette user’s intention to
quit. This approach will be useful for policy makers to design multi-level e-cigarette cessation
interventions, and effectively regulate e-cigarettes in the US. Thus, the aim of the present study
is to examine the association of individual, interpersonal, and environmental/policy level factors
with the stages of change for intention to quit using e-cigarette (pre-contemplation,
contemplation, and preparation) among US adolescents.
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METHODS
Data source and study participants
The PATH study is an ongoing, nationally representative longitudinal cohort study of
tobacco use among youth (12-17 years) and adults (≥18 years) in the US. The study is a
collaboration between National Institutes of Health (NIH) and the Food and Drug Administration
(FDA) and was approved by the Westat Institutional Review Board (IRB). This study utilizes the
youth data (n=14,798) from Wave 4 (December 2016-January 2018) of the PATH survey public
use files. Given that the PATH data is publicly available, the present study was exempted by the
IRB at the University of Memphis (see Appendix B). In this cross-sectional study, our analysis is
restricted to adolescents who were past 30-day exclusive e-cigarette users (n=349).
Measures
Current exclusive e-cigarette use: The PATH study included dichotomous (i.e., Yes or No) items
to measure respondents’ use of e-cigarettes (referred to in the study as electronic nicotine
products or ENPs) and other tobacco products (i.e., cigarettes, traditional cigars, cigarillos,
filtered cigars, pipe tobacco, hookah, smokeless tobacco, snus, dissolvable tobacco, bidis, and
kreteks) in the past 30 days. These are referred to as the “derived variables,” which were
generated according to algorithms of responses to relevant survey questions. For this study, we
defined current exclusive e-cigarette users as those who reported using e-cigarettes but no other
tobacco products in the past 30 days.
Independent variables: Individual factors
Nicotine dependence (ND): The PATH study questionnaire assessed nicotine dependence with
individual survey items from several different validated scales––such as the Wisconsin Inventory
of Smoking Dependence Motives (WISDM) (Piasecki et al., 2011; Piper et al., 2004),
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Fagerstrom Test of Nicotine Dependence (FTND) (Fagerstrom & Schneider, 1989), and the
Hooked on Nicotine Checklist (MacPherson et al., 2008). In this study, a total of seven questions
assessed the respondent’s nicotine dependence for ENPs. These ND questions for e-cigarettes
were selected based on the ND questions for cigarette smoking used in a recent study (Cwalina et
al., 2020). The six statements were: (1) “I find myself reaching for ENPs without thinking about
it,” (2) “I frequently crave ENPs,” (3) “My ENPs use is out of control,” (4) “Using ENPs really
helps me feel better if I’ve been feeling down,” (5) “Using ENPs helps me think better,” (6) “I
would feel alone without my ENPs.” Respondents were asked to identify their level of agreement
with each statement using a Likert-type scale ranging from 1 (not true of me at all) to 5
(extremely true of me). The seventh ND question asked the respondents, “How soon after you
wake up do you want to use ENPs?” The five response categories for this question were: “1Within 5 minutes,” “2- from 6 to 30 minutes,” “3- from more than 30 minutes to 1 hour,” “4after more than 1 hour but less than 24 hours,” and “5- rarely want to use ENPs.” To match the
direction with the rest of the six ND questions, the responses to this seventh ND question were
reverse coded.
Nicotine awareness: Respondents’ awareness about nicotine was assessed using two items. The
first item asked respondents “Do you believe nicotine is the main substance in tobacco that
makes people want to use tobacco products?” The four-response categories were definitely yes,
probably yes, probably not, and definitely not. We recoded the responses into two categories
(i.e., “yes” or “no”). The second item asked the respondents “How harmful do you think the
nicotine in e-cigarettes or other electronic nicotine products is to health?” The five-response
categories for this item were: not at all harmful, slightly harmful, somewhat harmful, very
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harmful, and extremely harmful. We combined the responses into three categories (i.e., “not at
all harmful,” “slightly/somewhat harmful,” or “very/extremely harmful”).
Risk and addiction perceptions: Three items assessed respondents’ risk perception about ENPs:
(1) “I use ENPs because they might be less harmful to me than smoking cigarettes,” (2) “I use
ENPs because they might be less harmful to people around me than cigarettes.” The response
categories for the first two items were yes, no, and don’t know. The third item asked the
respondents, “How much do you think people harm themselves when they use e-cigarettes or
other ENPs on some days but not every day?” The four-response categories for the third item
included no harm, a little harm, some harm, a lot of harm. We combined the responses into three
categories (i.e., “no harm,” “a little/some harm,” or “a lot of harm”). The perception of addiction
to ENP was assessed using a single item “How likely is someone to become addicted to ecigarettes or other ENPs?” The response categories included very unlikely, somewhat unlikely,
neither likely nor unlikely, somewhat likely, and very likely. We recoded the responses into three
categories (i.e., “unlikely”, neither likely nor unlikely, or “likely”).
Independent variables: Interpersonal factors
Family influence: Three questions assessed family influence: (1) “In the past 12 months, have
your parents or guardians talked with you, even once, about not using e-cigarettes or other
ENPs?” (2) “Not including yourself, does anyone living in your home own an e-cigarette or other
ENPs?” The response categories for the first and second questions were yes, no, and don’t know.
The third question asked the respondents, “If your parents or guardians found you using ecigarettes or other ENPs, how do you think they would react?” The three response categories
included be very upset, not be too upset, and have no reaction.
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Use of ENP by friends/important people: Two items assessed the use of ENPs by
friends/significant others. The first item asked the respondents, “How many of your best friends
use e-cigarettes or other ENPs?” The five-response categories for this item were none, a few,
some, most, and all. We combined the responses into three categories (i.e., “none”, “a
few/some”, or “most/all”). The second item asked the respondents, “Thinking about the people
who are important to you, do any of them use e-cigarettes or other ENPs?” The two response
categories were yes and no.
Independent variables: Environmental/policy factors
Social norms: Two items assessed social norms regarding ENPs. The first item asked the
respondents, “In general, do you think most people disapprove of using e-cigarettes or other
ENPs?” The four response categories were definitely yes, probably yes, probably not, and
definitely not. We recoded the responses into two categories (i.e., yes or “no”). The second item
asked the respondents, “Thinking about the people who are important to you, how would you
describe their views on using e-cigarettes or other ENPs?” The five-response categories for this
item were very positive, positive, neither positive nor negative, negative, and very negative. We
recoded the responses into three categories (i.e., “positive”, “neither positive nor negative”, or
“negative”).
E-cigarette accessibility: Respondents’ access to ENPs was assessed using three questions. The
first one was “How easy do you think it is for people your age to buy e-cigarettes or other ENPs
in a store?” The four response categories for this question were very easy, somewhat easy,
somewhat difficult, and very difficult. We recoded the responses into two categories (i.e., “easy”,
or “difficult”). The second and third question asked the respondents, “In the past 30 days, did
anyone sell you ENPs /electronic nicotine cartridges/e-liquid?” and “In the past 30 days,
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someone refused to sell you [ENPs /electronic nicotine cartridges/e-liquid] because of your age?”
The response categories for both the second and third questions were yes and no.
E-cigarette marketing, advertisement, and promotions: Three items assessed respondents’
exposure to ENPs marketing, advertisement, and promotions. The first one was “In the past 12
months, have you received discounts or coupons for e-cigarettes or other ENPs (including eliquid)?” The second stated “In the past 30 days, have you gotten a free sample of an e-cigarette
or other ENPs (including e-liquid)?” The response categories for the first and second questions
were yes and no. In the third question, respondents were asked, “In the past 30 days, have you
noticed e-cigarettes or other ENPs being advertised in any of the following places?” Respondents
were asked to choose any of the following applicable responses: I haven't seen any
advertisements in the past 30 days, at gas stations, convenience stores, or other retail stores etc. If
the respondents answered that they had not seen any advertisements in the past 30 days, we
categorized them as “No,” and if the respondents marked any of the other categories, we
categorized them as “Yes.”
Anti-tobacco advertisement: A single item assessed respondents’ exposure to anti-tobacco
advertising campaign: “In the past 12 months, how often did you see an anti-tobacco advertising
campaign?” Response categories included never, rarely, sometimes, and often. We combined the
responses into three categories (i.e., “never”, “rarely/sometimes, or “often”).
E-cigarette health warning: A single item assessed the respondent’s exposure to ENPs health
warnings: “In the past 30 days, how often, if at all, have you noticed the health warnings on
packages of e-cigarettes, e-liquid or other ENPs? Response categories were never, rarely,
sometimes, often, and very often. We combined the responses into three categories (i.e., “never”,
“rarely/sometimes, or “often/very often”).
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Dependent variable
The stages of change for intention to quit were assessed using a single item: “Are you seriously
thinking about quitting ENPs?” The response categories for this item included: (1) Yes, within
the next 30 days, (2) Yes, within the next 6 months, (3) Yes, within the year, (4) Yes, but not
within the year, and (5) No, I am not seriously thinking about quitting. The stages of change for
intention to quit were defined as follows: pre-contemplation included e-cigarette users who
responded with answer (5); preparation included e-cigarette users who responded with answer
(1); and contemplation included e-cigarette users who choose options (2), (3), or (4).
Socio-demographic variables
The socio-demographic variables included age (12–14 years, 15–17 years), gender (Male,
Female), race (White, Black, Other), Ethnicity (Hispanic, Non-Hispanic), and U.S. census
regions (Northeast, Midwest, South, West).
Statistical analyses
The replicate cross-sectional weights generated by the PATH study database were used to
account for complex study design features––such as oversampling and non-responses––and to
generate nationally representative estimates (Hyland et al., 2017). As recommended by the
PATH study team, all estimates and statistical testing were conducted with the balanced repeated
replication method using the Fay’s adjustment value of 0.3 (Hyland et al., 2017; Judkins, 1990;
McCarthy, 1969). Descriptive statistics included unweighted frequencies, weighted percentages,
means, 95% confidence interval (CI) and standard errors for categorical and continuous
variables, respectively. The 95% confidence interval (CI) for proportions was calculated using
the Wilson method (Coleman et al., 2018; Dai et al., 2018).
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The outcome/dependent variable for this study was the stages of change for intention to
quit e-cigarettes (pre-contemplation, contemplation, and preparation); the independent variables
were the individual, interpersonal, and environmental/policy level factors related to e-cigarettes.
We used Rao-Scott χ2 test and ANOVA to measure the association of descriptive characteristics
and predictor variables (categorical and continuous variables) with the outcome variable (Dai et
al., 2018; Leem et al., 2017; Liu et al., 2017). In addition, weighted multinomial logistic
regression analysis was utilized to examine the association between the independent and
outcome variables. Adjusted odds ratios (aORs) and 95% confidence intervals (95% CI) were
calculated for regression analyses after adjusting for age, gender, race, ethnicity, and U.S census
regions. We used SAS 9.4 to perform statistical analyses (SAS Institute, Inc, Cary, NC), and the
level of significance was kept at a p value of ≤ 0.05.
RESULTS
Overall, adolescent e-cigarette users in this study were mainly White (81.0%), NonHispanic (81.1%) and between 15-17 years of age (82.0%). More than half (55.5%) of
adolescents were in the pre-contemplation SOC for intention to quit; 24.8% were in the
preparation stage; and 19.7% were in the contemplation stage. The majority (62.1%) of males
were in the contemplation stage, whereas just over half (50.5%) of females were in the precontemplation stage. Over 90% of White adolescents were in the pre-contemplation stage,
approximately 23% of adolescents from the “Other” race category were in the preparation stage,
and more than one-fourth (27%) of Hispanic adolescents were in the preparation stage. Over one
third of the adolescents in the preparation stage were from the Southern region of the US
(37.6%); those in the contemplation stage were mainly from the Midwest (33.4%) (See Table 1).
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Table 1. Sample characteristics, overall and stratified by stages of change for intention to quit
among e-cigarettes users from Wave 4 of the Population Assessment of Tobacco and Health
(PATH) Study
Characteristic

Overall (n= 349)

Weighted %
(95% CI)

Stages of change for intention to quit ENP (n=253) b
Precontemplation
(n=140, 55.5%)

Contemplation
(n= 52, 19.7%)

Preparation
(n=61, 24.8%)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

p value c

Age groups (in years)
12-14
18.0 (14.2, 22.6)
13.5 (8.7, 20.4)
13.0 (5.2, 29.2) 19.1 (11.2, 30.6)
0.62
15-17
82.0 (77.4, 85.8)
86.5 (79.6, 91.3) 87.0 (70.8, 94.8) 80.9 (69.4, 88.8)
Gender
Male
51.3 (45.5, 57.1)
49.3 (41.1, 57.6) 62.1 (48.3, 74.1) 51.2 (37.5, 64.8)
0.33
Female
48.7 (42.9, 54.5)
50.7 (42.4, 58.9) 37.9 (25.9, 51.7) 48.8 (35.2, 62.4)
Race a
White
81.0 (76.1, 85.1)
91.2 (85.3, 94.9) 80.5 (67.7, 89.1) 74.0 (59.3, 84.7)
0.02
Black
5.0 (3.1, 7.8)
1.3 (0.3, 5.3)
4.6 (1.4, 14.1)
3.2 (0.8, 11.2)
Other
14.0 (10.4, 18.7)
7.5 (4.1, 13.1)
14.9 (7.6, 27.1) 22.8 (12.7, 37.8)
Ethnicity
Hispanic
18.9 (14.7, 23.9)
14.7 (9.7, 21.6)
19.8 (9.2, 37.6) 27.0 (17.2, 39.8)
0.17
Non-Hispanic
81.1 (76.1, 85.3)
85.3 (78.4, 90.3) 80.2 (62.4, 90.8) 73.0 (60.2, 82.8)
U.S. Census Region
Northeast
21.3 (17.3, 25.9)
24.2 (17.5, 32.3) 21.5 (10.4, 39.2)
12.9 (6.5, 24.1)
0.34
Midwest
23.7 (19.2, 28.8)
22.5 (14.7, 32.7) 33.4 (20.0, 50.2) 19.5 (11.5, 31.1)
South
32.7 (27.8, 38.0)
33.3 (25.0, 42.8) 23.5 (14.1, 36.6) 37.6 (24.5, 52.8)
West
22.3 (18.1, 27.2)
20.0 (14.2, 27.4) 21.5 (11.5, 36.7) 30.0 (19.9, 42.4)
CI: Confidence interval calculated using Wilson Method
Percentage (%) estimates calculated using sample weights, frequencies (n) based on unweighted data.
a
“Other” includes persons belonging to racial groups other than White or Black.
b
Due to the skip pattern used in the PATH questionnaire, the question regarding stages of change for intention to
quit e-cigarettes was inapplicable for some respondents. Hence, we have data from 253 respondents instead of 349.
c
Rao-Scott χ2 test was performed to compare the distribution of sample characteristics with stages of change for
intention to quit e-cigarettes, p≤0.05 statistically significant

At the individual level, there was a significant difference between mean nicotine
dependence score and SOC for intention to quit––with lower means scores reported among those
in the preparation stage than pre-contemplation and contemplation stages (7.9 vs. 9.7 and 10.8;
p=0.01). Significantly higher proportion of adolescents in the contemplation stage than precontemplation and preparation stages believed that nicotine in e-cigarettes was
slightly/somewhat harmful to health (82.1% vs. 68.4% and 59.0%; p=0.02). Less than half of
adolescents in the preparation stage compared to the pre-contemplation and contemplation stages
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said that they used e-cigarettes because they are less harmful to people around them than
cigarettes (49.2% vs. 67.3% and 78.9%; p=0.005). Similarly, those who perceived that people
cause little/some harm to themselves when they used e-cigarettes were significantly more likely
to be in the contemplation stage than the pre-contemplation and preparation stages (86.2% vs.
78.0% and 69.2%; p=0.001) (See Table 2).
At the interpersonal level, there was a significantly smaller proportion of adolescents in
the pre-contemplation stage than the contemplation and preparation stages who reported that
their parents/guardians talked to them about not using e-cigarettes (33.5% vs. 62.5% and 52.3%;
p<0.001). Similarly, a significantly higher proportion of adolescent users who reported that their
parents/guardians would be very upset if they found out they are using e-cigarettes were in the
preparation stage than contemplation and pre-contemplation stages (75.9% vs 62.1% and 50.1%;
p=0.01). Compared to those in the contemplation and preparation stages, a significantly higher
proportion of adolescents in the pre-contemplation stage reported that important people in their
lives used e-cigarettes (53.4% vs 37.5% and 31.5%; p=0.02).
At the environmental/policy level, there was a significantly smaller proportion of
adolescents in the preparation stage who reported that they were sold e-cigarettes in the past 30
days, as compared to those in the pre-contemplation and contemplation stages (4.8% vs 17.1%
and 20.9%; p=0.03). More than half of adolescents in the pre-contemplation stage than
preparation and contemplation stages reported that they never noticed health warnings on ecigarette packages (55.3% vs 49.8% and 29.0% p=0.03) (See Table 2).
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Table 2. Individual, interpersonal, and environmental/policy level factors, overall and stratified by stages of change for intention to quit
among e-cigarettes users from Wave 4 of the Population Assessment of Tobacco and Health (PATH) Study
Socio-ecological variables

Overall (n=349)

Individual/interpersonal/environmental/policy
level factors

Individual factors
Nicotine dependence (mean, SE) b
Nicotine awareness
Nicotine is the main substance in tobacco that
makes people want to use tobacco
Yes
No
Harmfulness of nicotine in ENP to health
Not at all harmful
Slightly/somewhat harmful
Very/extremely harmful
Risk and addiction perceptions
Use ENP because they are less harmful to me
than cigarettes
Yes
No
Use ENP because they are less harmful to people
around me than cigarettes
Yes
No
People harm themselves when they use ENP
No harm
Little/some harm
A lot of harm
Likeliness of someone becoming addicted to
ENP
Unlikely
Neither unlikely nor likely
Likely

Stages of change for intention to quit ENP (n=253) a

p value c

Weighted %
(95% CI)

Precontemplation
(n=140, 55.5%)
Weighted %
(95% CI)

Contemplation
(n=52, 19.7%)
Weighted %
(95% CI)

Preparation
(n=61, 24.8%)
Weighted %
(95% CI)

9.1 (0.3)

9.7 (0.5)

10.8 (0.6)

7.9 (0.4)

0.01

81.3 (76.8, 85.0)
18.7 (15.0, 23.2)

81.4 (73.0, 87.7)
18.6 (12.3, 27.0)

75.7 (61.1, 86.0)
24.3 (14.0, 38.9)

86.5 (75.6, 93.0)
13.5 (7.0, 24.4)

0.43

6.3 (4.1, 9.4)
63.4 (57.7, 68.7)
30.3 (25.5, 35.6)

8.8 (4.9, 15.2)
68.4 (58.4, 77.0)
22.8 (15.9, 31.6)

5.6 (1.7, 16.8)
82.1 (69.4, 90.2)
12.3 (5.7, 24.7)

2.7 (0.7, 10.3)
59.0 (45.3, 71.4)
38.3 (26.1, 52.2)

0.02

65.4 (59.5, 70.9)
34.6 (29.1, 40.5)

71.8 (62.1, 79.8)
28.2 (20.2, 37.9)

78.0 (63.4, 87.9)
22.0 (12.1, 36.6)

59.1 (46.6, 70.6)
40.9 (29.4, 53.4)

0.08

62.1 (55.4, 68.4)
37.9 (31.6, 44.6)

67.3 (58.0, 75.4)
32.7 (24.6, 42.0)

78.9 (63.3, 89.0)
21.1 (11.0, 36.7)

49.2 (36.7, 61.9)
50.8 (38.1, 63.3)

0.005

8.4 (5.9, 11.7)
73.7 (68.4, 78.3)
17.9 (13.9, 23.0)

9.7 (5.8, 15.8)
78.0 (70.1, 84.2)
12.3 (7.8, 18.8)

9.7 (4.2, 20.7)
86.2 (74.3, 93.1)
4.1 (1.2, 13.3)

2.8 (0.7, 10.5)
69.2 (55.0, 80.5)
28.0 (17.2, 42.2)

0.001

26.0 (21.6, 30.9)
23.1 (18.4, 28.5)
50.9 (45.7, 56.2)

24.8 (17.9, 33.3)
22.5 (15.6, 31.3)
52.7 (43.9, 61.3)

31.4 (19.9, 45.7)
23.4 (13.9, 36.6)
45.2 (31.7, 59.5)

28.4 (17.3, 43.1)
22.1 (13.2, 34.6)
49.4 (36.9, 62.1)

0.92

26

Table 2 (continued)
Socio-ecological variables

Overall (n=349)

Individual/interpersonal/environmental/policy
level factors

Interpersonal factors
Family influence
Parents/guardians talked about not using ENP in
the past 12 months
Yes
No
Parents/guardians reaction on finding out about
using ENP
Be very upset
Not be too upset
Have no reaction
Someone else in home owns ENP
Yes
No
Use of ENP by friends/important people
Use of ENP by best friends
None
A few/Some
Most/all
Use of ENP by important people
Yes
No
Environmental/Policy factors
Social norms
Most People disapprove use of ENP
Yes
No

Stages of change for intention to quit ENP (n=253) a

p value c

Precontemplation
(n=140, 55.5%)

Contemplation
(n=52, 19.7%)

Preparation
(n=61, 24.8%)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

45.0 (39.0, 51.2)
55.0 (48.8, 61.0)

33.5 (26.2, 41.6)
66.5 (58.4, 73.8)

62.6 (49.0, 74.4)
37.4 (25.6, 51.0)

52.3 (38.6, 65.7)
47.7 (34.3, 61.4)

<0.001

63.7 (57.2, 69.7)
28.1 (22.7, 34.2)
8.2 (5.7, 11.6)

50.1 (40.2, 60.0)
36.7 (27.3, 47.2)
13.2 (8.3, 20.5)

62.1 (47.2, 75.0)
30.8 (19.7, 44.7)
7.1 (2.5, 19.0)

75.9 (63.8, 84.9)
22.4 (13.8, 34.3)
1.7 (0.3, 9.3)

0.01

32.1 (26.4, 38.4)
67.9 (61.6, 73.6)

34.4 (25.7, 44.4)
65.6 (55.6, 74.3)

31.2 (19.3, 46.3)
68.8 (53.7, 80.7)

35.6 (22.4, 51.5)
64.4 (48.5, 77.6)

0.91

18.8 (14.5, 24.0)
58.7 (52.9, 64.3)
22.5 (18.2, 27.5)

13.4 (8.3, 21.0)
57.2 (48.9, 65.1)
29.4 (22.4, 37.4)

9.1 (3.5, 21.9)
54.3 (41.1, 67.1)
36.6 (23.5, 51.9)

22.8 (13.9, 35.2)
60.1 (47.4, 71.6)
17.1 (9.5, 28.8)

0.11

42.5 (36.7, 48.6)
57.5 (51.4, 63.3)

53.4 (45.1, 61.4)
46.6 (38.6, 54.9)

37.5 (25.4, 51.4)
62.5 (48.6, 74.6)

31.5 (18.8, 47.7)
68.5 (52.3, 81.2)

0.02

50.6 (44.5, 56.7)
49.4 (43.3, 55.5)

50.0 (41.0, 58.9)
50.0 (41.1, 59.0)

47.3 (33.9, 61.1)
52.7 (38.9, 66.1)

57.4 (43.2, 70.4)
42.6 (29.6, 56.8)

0.55
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Table 2 (continued)
Socio-ecological variables

Overall (n=349)

Individual/interpersonal/environmental/policy
level factors

Important people’s view on using ENP
Positive
Neither positive nor negative
Negative
ENP Accessibility
Ease of buying ENP
Easy
Difficult
Anyone sold ENP in the past 30 days
Yes
No
Someone refused to sell ENP because of age in
the past 30 days
Yes
No
ENP Marketing, Advertisement & promotion
Received discounts or coupons of ENP in the
past 12 months
Yes
No
Received free sample of ENP in the past 30 days
Yes
No
Noticed ENP advertisements in the past 30 days
Yes
No
Anti-tobacco advertisement
Saw anti-tobacco advertising campaign
Never
Rarely/sometimes

Stages of change for intention to quit ENP (n=253) a

p value c

Precontemplation
(n=140, 55.5%)

Contemplation
(n=52, 19.7%)

Preparation
(n=61, 24.8%)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

11.6 (8.4, 15.9)
34.0 (28.9, 39.6)
54.4 (49.1, 59.6)

15.0 (9.9, 22.0)
41.8 (33.4, 50.7)
43.2 (35.1, 51.7)

6.9 (2.5, 17.6)
42.2 (28.8, 56.8)
50.9 (35.8, 65.8)

9.5 (4.0, 21.0)
28.3 (18.1, 41.4)
62.2 (49.1, 73.7)

0.14

56.4 (50.3, 62.4)
43.6 (37.6, 49.7)

64.3 (55.5, 72.2)
35.7 (27.8, 44.5)

64.1 (49.1, 76.7)
35.9 (23.3, 50.9)

48.3 (36.0, 60.9)
51.7 (39.1, 64.0)

0.09

10.9 (8.0, 14.6)
89.1 (85.4, 92. 0)

17.1 (11.0, 25.7)
82.9 (74.3, 89.0)

20.9 (12.0, 33.7)
79.1 (66.3, 88.0)

4.8 (1.6, 13.3)
95.2 (86.7, 98.4)

0.03

5.0 (3.2, 7.9)
95.0 (92.1, 96.8)

4.0 (1.8, 8.8)
96.0 (91.2, 98.2)

3.7 (1.0, 12.8)
96.3 (87.2, 99.0)

9.5 (4.0, 20.8)
90.5 (79.2, 96.0)

0.23

6.3 (4.1, 9.8)
93.7 (90.2, 95.9)

8.7 (5.0, 14.6)
91.3 (85.4, 95.0)

7.0 (2.2, 19.7)
93.0 (80.3, 97.8)

4.0 (0.9, 15.0)
96.0 (85.0, 99.1)

0.58

6.4 (4.3, 9.5)
93.6 (90.5, 95.7)

5.7 (2.8, 11.2)
94.3 (88.8, 97.2)

9.0 (3.8, 19.9)
91.0 (80.1, 96.2)

3.5 (1.0, 11.4)
96.5 (88.6, 99.0)

0.37

64.3 (59.1, 69.2)
35.7 (30.8, 40.9)

68.3 (59.6, 75.8)
31.7 (24.2, 40.4)

74.1 (60.7, 84.1)
25.9 (15.9, 39.3)

60.9 (48.2, 72.2)
39.1 (27.8, 51.8)

0.34

17.9 (13.9, 22.7)
49.6 (43.8, 55.3)

17.9 (12.1, 25.6)
46.7 (37.7, 56.0)

14.3 (7.2, 26.2)
66.0 (51.2, 78.2)

18.4 (9.6, 32.4)
50.5 (38.3, 62.7)

0.24
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Table 2 (continued)
Socio-ecological variables

Overall (n=349)

Individual/interpersonal/environmental/policy
level factors
Weighted %
(95% CI)
32.5 (27.3, 38.2)

Stages of change for intention to quit ENP (n=253) a
Precontemplation
(n=140, 55.5%)

Contemplation
(n=52, 19.7%)

Preparation
(n=61, 24.8%)

Weighted %
(95% CI)
35.4 (27.5, 44.1)

Weighted %
(95% CI)
19.7 (11.0, 32.8)

Weighted %
(95% CI)
31.1 (20.7, 43.9)

p value c

Often
ENP Health warnings
Noticed health warnings on ENP packages
Never
53.3 (48.0, 58.6)
55.3 (46.3, 64.0)
29.0 (18.4, 42.6) 49.8 (36.2, 63.4)
0.03
Rarely/sometimes
36.4 (31.5, 41.6)
37.3 (29.1, 46.3)
54.5 (41.0, 67.4) 35.3 (23.5, 49.1)
Often/very often
10.3 (7.2, 14.5)
7.4 (3.7, 14.3)
16.5 (8.7, 28.9)
14.9 (7.5, 27.6)
CI: Confidence interval; SE: standard error; ENP: Electronic Nicotine Products
Percentage (%) estimates calculated using sample weights, numbers (n) based on unweighted data.
a
Due to the skip pattern used in the PATH questionnaire, the question regarding stages of change for intention to quit e-cigarettes was inapplicable for some
respondents. Hence, we have data from 253 respondents instead of 349.
b
ANOVA was performed to compare the distribution of nicotine dependence with stages of change for intention to quit e-cigarettes, p≤0.05 statistically
significant
c
Rao-Scott χ2 test was performed to compare the distribution of individual/interpersonal and social/environmental factors with stages of change for intention to
quit e-cigarettes, p≤0.05 statistically significant
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In a weighted adjusted multinomial logistic regression analysis (see Table 3) that compared
adolescents in the contemplation and preparation stages to those in precontemplation,
adolescents who used ENPs because they are less harmful than cigarettes to people around them
were less likely to be in the preparation stage (aOR = 0.46 [95% CI: 0.23–0.92], p= 0.02).
Adolescents who believed that people cause a “lot of harm” to themselves relative to “no harm”
when they use e-cigarettes were approximately 11 times more likely to be in the preparation
stage (aOR = 10.89 [95% CI: 0.98- 120.62], p= 0.05). Similarly, in comparison to adolescents
whose parents/guardians did not talk with them about not using e-cigarettes, those whose
parents/guardians talked with them were almost 2.7 times more likely to be in the preparation
stage (aOR = 2.72 [95% CI: 1.29- 5.75], p= 0.009) and 3.7 times more likely to be in the
contemplation stage (aOR = 3.65 [95% CI: 1.88- 7.07], p<0.001). Those adolescents who
reported that their parents/guardians will “not be very upset” relative to “be very upset” if they
found out about their use of e-cigarettes were significantly less likely to be in the preparation
stage (aOR = 0.44 [95% CI: 0.19- 1.02], p= 0.05) (See Table 3).
Relative to adolescents who reported that “none” of their friends use e-cigarettes, those
who reported that “most/all” of their friends use e-cigarettes were significantly less likely to be
in the preparation stage (aOR = 0.18 [95% CI: 0.05- 0.71], p= 0.01). Those adolescents who
reported that important people in their life used e-cigarettes were significantly less likely to be in
the preparation stage (aOR = 0.39 [95% CI: 0.17- 0.93], p= 0.03). Adolescents who
“rarely/sometimes” saw anti-tobacco advertisements relative to those who “often” saw it were
almost three times more likely to be in the contemplation stage than pre-contemplation stage
(aOR = 3.09 [95% CI: 1.16 - 8.02], p= 0.02) (See Table 3).
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Table 3. Weighted adjusted multinomial logistic regression analysis examining association of
individual, interpersonal and environmental/policy level factors with stages of change for intention
to quit among ENP users from Wave 4 of the Population Assessment of Tobacco and Health
(PATH) Study
Socio-ecological variables
Individual/interpersonal/environmental/p
olicy level factors
Individual factors
Nicotine dependence
Nicotine awareness
Nicotine is the main substance in tobacco
that makes people want to use tobacco
Yes
No
Harmfulness of nicotine in ENP to health
Not at all harmful
Slightly/somewhat harmful
Very/extremely harmful
Risk and addiction perceptions
Use ENP because they are less harmful to
me than cigarettes
Yes
No
Use ENP because they are less harmful to
people around me than cigarettes
Yes
No
People harm themselves when they use ENP
No harm
Little/some harm
A lot of harm
Likeliness of someone becoming addicted to
ENP
Unlikely
Neither unlikely nor likely
Likely
Interpersonal factors
Family influence
Parents/guardians talked about not using
ENP in the past 12 months
Yes
No
Parents/guardians reaction on finding out
about using ENP
Be very upset
Not be too upset
Have no reaction

Stages of change for intention to quit ENP
Contemplation vs.
Preparation vs.
Precontemplation
Precontemplation
b
b
aOR (95%CI) p value
aOR (95%CI) p value
1.05 (0.98, 1.12)

0.15

0.82 (0.61, 1.10)

0.18

0.56 (0.21-1.50)
Referent

0.24

1.49 (0.48, 4.64)
Referent

0.48

Referent
2.22 (0.27, 18.27)
1.06 (0.09, 11.39)

0.45
0.95

Referent
3.59 (0.30, 42.46)
7.41 (0.64, 85.19)

0.30
0.10

1.18 (0.45, 3.12)
Referent

0.73

0.56 (0.28, 1.14)
Referent

0.10

1.76 (0.69, 4.51)
Referent

0.23

0.46 (0.23, 0.92)
Referent

0.02

Referent
1.23 (0.44, 3.45)
0.42 (0.06, 2.84)

0.68
0.36

Referent
3.56 (0.36, 35.61)
10.89 (0.98, 120.62)

0.27
0.05

1.24 (0.39, 3.92)
1.09 (0.43, 2.77)
Referent

0.71
0.85

1.49 (0.51, 4.34)
0.89 (0.33, 2.38)
Referent

0.45
0.81

3.65 (1.88, 7.07)
Referent

<0.001

2.72 (1.29, 5.75)
Referent

0.009

Referent
0.69 (0.27, 1.77)
0.44 (0.07, 2.73)
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0.43
0.37

Referent
0.44 (0.19, 1.02)
0.08 (0.00, 1.52)

0.05
0.09

Table 3 (continued)
Socio-ecological variables
Individual/interpersonal/environmental/p
olicy level factors
Someone else in home owns ENP
Yes
No
Use of ENP by friends/important people
Use of ENP by best friends
None
A few/Some
Most/all
Use of ENP by important people
Yes
No
Environmental/policy factors
Social norms
Most People disapprove use of ENP
Yes
No
Important people’s view on using ENP
Positive
Neither positive nor negative
Negative
ENP Accessibility
Ease of buying ENP
Easy
Difficult
Anyone sold ENP in the past 30 days
Yes
No
Someone refused to sell ENP because of age
in the past 30 days
Yes
No
ENP Marketing, Advertisement & promotion
Received discounts or coupons of ENP in
the past 12 months
Yes
No
Received free sample of ENP in the past 30
days
Yes
No
Noticed ENP advertisements in the past 30
days
Yes
No

Stages of change for intention to quit ENP
Contemplation vs.
Preparation vs.
Precontemplation
Precontemplation
b
b
aOR (95%CI) p value
aOR (95%CI) p value
1.02 (0.43, 2.45)
Referent

Referent
1.22 (0.26, 5.71)
1.44 (0.26, 7.87)

0.96

0.80
0.67

1.26 (0.51, 3.13)
Referent

Referent
0.66 (0.25, 1.74)
0.18 (0.05, 0.71)

0.61

0.39
0.01

0.60 (0.25, 1.43)
Referent

0.24

0.39 (0.17, 0.93)
Referent

0.03

0.76 (0.36, 1.61)
Referent

0.47

1.36 (0.63, 2.95)
Referent

0.42

Referent
1.75 (0.39, 7.74)
1.99 (0.39, 10.14)

0.45
0.40

Referent
0.98 (0.23, 4.18)
2.12 (0.51, 8.92)

0.98
0.30

1.08 (0.51, 2.29)
Referent

0.83

0.59 (0.28, 1.26)
Referent

0.17

1.15 (0.43, 3.06)
Referent

0.77

0.24 (0.05, 1.19)
Referent

0.07

0.85 (0.11, 6.79)
Referent

0.88

1.94 (0.30, 12.46)
Referent

0.48

0.62 (0.12, 3.23)
Referent

0.56

0.32 (0.03, 3.59)
Referent

0.35

1.21 (0.28, 5.34)
Referent

0.79

0.36 (0.05, 2.39)
Referent

0.28

1.49 (0.63, 3.55)
Referent

0.36

0.67 (0.32, 1.41)
Referent

0.28
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Table 3 (continued)
Socio-ecological variables
Individual/interpersonal/environmental/p
olicy level factors

Stages of change for intention to quit ENP
Contemplation vs.
Preparation vs.
Precontemplation
Precontemplation
b
b
aOR (95%CI) p value
aOR (95%CI) p value

Anti-tobacco advertisement
Saw anti-tobacco advertising campaign
Never
1.69 (0.43, 6.63)
0.44
1.22 (0.39, 3.74)
0.72
Rarely/sometimes
3.09 (1.16, 8.22)
0.02
1.30 (0.62, 2.75)
0.48
Often
Referent
Referent
ENP Health warnings
Noticed health warnings on ENP packages
Never
Referent
Referent
Rarely/sometimes
3.16 (1.36, 7.37)
0.01
0.99 (0.39, 2.29)
0.32
Often/very often
4.72 (1.30, 17.15)
0.008
2.08 (0.48, 9.02)
0.99
CI: Confidence interval; ENP: Electronic Nicotine Products
b
Adjusted odds ratio (aOR) and 95% confidence intervals (CI) from weighted multinomial logistic regression
analysis adjusted for age, gender, race, ethnicity, and U.S. census regions; p≤0.05 statistically significant

In addition, those adolescents who “often/very often” and “rarely/sometimes” noticed
health warnings on e-cigarette packages relative to those who “never” noticed such warnings
were approximately 4.7 times (aOR = 4.72 [95% CI: 1.30- 17.15], p= 0.008) and 3.2 times (aOR
= 3.16 [95% CI: 1.36- 7.37], p= 0.01) more likely to be in the contemplation stage than precontemplation stage (See Table 3).
DISCUSSION
This is the first study to use a nationally representative, population-based sample of US
adolescents to examine various socio-ecological factors that are associated with Stages of
Change (SOC) for intentions to quit using e-cigarettes. The results suggest that there are specific
individual, interpersonal, and environmental/policy level factors (nicotine dependence and harm
perception, influence of family/friends and important others, e-cigarette accessibility, antitobacco advertisements, and e-cigarette health warnings) significantly associated with US
adolescents’ intention to quit e-cigarettes.
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We also found that a significantly greater proportion of White adolescents were in the
pre-contemplation stage while Black adolescents were most likely to be in the contemplation
stage; those from the “other” racial category were most often in the preparation SOC for
intention to quit e-cigarettes. This result supports a recent study by Smith et al. (2020) using the
PATH data set, which found that Black, Asian, and adolescents from other races were more
likely than their White counterparts to report past year quit attempts. Although we did not
identify any other socio-demographic differences in SOC for intention to quit, there is some
evidence that e-cigarette users in the US who quit/attempt to quit are significantly younger, more
educated, and have higher annual household incomes (Garey et al., 2019; Pepper et al., 2014;
Peraza et al., 2020). With respect to gender, there is evidence that females are more likely to stop
using e-cigarettes than males (Pepper et al., 2014), whereas males are significantly more likely to
make quit attempts than females (Peraza et al., 2020).
At the individual level, adolescents in the preparation stage reported significantly lower
nicotine dependence than those in the pre-contemplation and contemplation stages, which is
consistent with other studies indicating that adolescents showing greater symptoms of nicotine
dependence are less likely to be interested in quitting e-cigarettes and making quit attempts (Case
et al., 2018). In a few other studies, e-cigarette users with previous quit history have reported
significantly higher rates of e-cigarette dependence as compared to those with no quit history
(Garey et al., 2019; Peraza et al., 2020). Additionally, lower quit intention or likelihood of
quitting has been reported among nicotine dependent dual users (e-cigarette and cigarette users)
than cigarette-only smokers (Azagba et al., 2019; Osibogun et al., 2020).
It is important to note that the amount of nicotine delivered using e-cigarettes varies
considerably depending on various factors such as e-cigarette type, manufacturer, and user
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behavior (Cameron et al., 2014; US Department of Health and Human Services, 2016). While
some research among adults has shown lower nicotine dependence among e-cigarette users as
compared to traditional cigarette users (Kaplan et al., 2020; Liu et al., 2017), recent studies
among adolescents suggest that this age group experiences nicotine dependence from e-cigarettes
(Morean et al., 2018; Vogel et al., 2020), which may even exceed that of traditional cigarettes
(Jankowski, Krzystanek, et al., 2019; Ramôa et al., 2016). More work is needed to understand
how nicotine dependence interferes with e-cigarette cessation. Given that dependence may be an
important barrier to e-cigarette cessation, the effectiveness of behavioral or pharmacological
interventions aimed at reducing e-cigarette dependence among this at-risk group requires more
research and warrants consideration in pediatric patient care and public health policy (Case et al.,
2018; Vogel et al., 2020).
There is increasing evidence that young people underestimate the risks associated with ecigarette use––often considering e-cigarettes to be less harmful and less addictive than traditional
cigarettes (Ambrose et al., 2014; Amrock et al., 2015; Barrington-Trimis et al., 2015; Gorukanti
et al., 2017; Russell et al., 2020). In this study, adolescents who said that they used e-cigarettes
because they are less harmful to other people around them than cigarettes were less likely to be
in the preparation stage than pre-contemplation stage. Similarly, those who perceived that people
cause a “lot of harm” to themselves relative to “no harm” when they use e-cigarettes were
approximately 11 times more likely to be in the preparation stage than pre-contemplation stage.
These findings are consistent with a study reporting lower intention to quit among users who
considered e-cigarettes to be less harmful and not as polluting or intrusive to others as traditional
cigarettes (Wong et al., 2016). A recent study also found that e-cigarette users with a previous
history of quit attempts and those who have positive e-cigarette outcome expectancy perceive
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greater barriers to quitting (Peraza et al., 2020). Thus, correcting health risk and addiction
misperceptions of e-cigarettes by developing educational messages or through school-based
intervention programs may increase quit intention and behavior among adolescents (Grebenau,
2020; O’Connor et al., 2019; Russell et al., 2020). Recently, a text message-based intervention
(“This is quitting”) to help young adults quit e-cigarettes has shown promising results (Graham
et al., 2020); however, there is an urgent and critical need to identify and further develop such
effective cessation strategies for young people who want to quit e-cigarettes.
Parents and family members are central figures who can have a strong influence on
adolescents’ smoking behaviors by modeling their own smoking behaviors and expressing
disapproval for adolescent smoking (Kong et al., 2012; Tsoh et al., 2011). At the interpersonal
level, this study found that adolescents whose parents/guardians talked with them about not using
e-cigarettes were two and half times more likely to be in the preparation stage and three and half
times more likely to be in the contemplation stage than pre-contemplation stage. Similarly,
adolescents who said that their parents/guardians will not be very upset if they found out about
their e-cigarette use were significantly less likely to be in the preparation stage than precontemplation stage.
There is increasing evidence of use of e-cigarettes at home by parents/siblings
(Barrington-Trimis et al., 2015; Drehmer et al., 2019; Fite et al., 2018; Pentz et al., 2015).
Studies have also reported lack of awareness and positive attitude towards these emerging ecigarette products among parents (Alexander et al., 2018; Patel et al., 2019). Furthermore,
parents who are dual users of cigarettes and e-cigarettes are more likely to strictly enforce
smoke-free policies than e-cigarette-free policies for the home and car (Drehmer et al., 2019).
Similarly, other social interactions with peers, friends, or other important people in adolescents
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life are also known to influence their e-cigarette use (Alexander et al., 2018; Barrington-Trimis
et al., 2015; Pentz et al., 2015). In the current study, adolescents who reported that “most/all” of
their friends and “important people” in their life use e-cigarettes were significantly less likely to
be in the preparation stage than pre-contemplation stage. Thus, family members and other social
factors influencing e-cigarette quitting represent an important avenue for future research and
intervention (Alexander et al., 2018; Patel et al., 2019).
At the environmental/policy level, we found that adolescent users who “often/very often”
and “rarely/sometimes” noticed health warnings on e-cigarette packages relative to those who
“never” noticed such warnings were approximately four and half and three times more likely to
be in the contemplation stage than pre-contemplation SOC for intention to quit. E-cigarette
health warnings have been effective in reducing e-cigarette use by increasing risk perception
among college students (Lee et al., 2018); studies have also reported that text-only warnings
increase intention to quit e-cigarettes but that pictorial warnings lead to even higher intentions to
quit among US adults (Brewer et al., 2019; Mendel et al., 2018). In the current study, a
significantly smaller proportion of adolescents in the preparation stage than pre-contemplation
and contemplation stages reported that they were sold e-cigarettes in the past 30-days, which
indicates the need for federal authorities to ensure compliance with the regulations that are
directed at protecting adolescents from accessing e-cigarettes (Kong & Krishnan-Sarin, 2017).
Surprisingly, in this study, adolescents who reported that they “rarely/sometimes” saw antitobacco advertisements relative to those who “often” saw it were almost 3 times more likely to
be in the contemplation stage than pre-contemplation stage. This may be because almost 50% of
adolescents in this study reported that they “rarely/sometimes” saw these advertisements;
furthermore, the question inquired about anti-tobacco advertisement in general and was not
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specific to anti-e-cigarette advertisement or campaign. Recently, FDA launched its “The Real
Cost” advertisement campaign to prevent e-cigarette use among youth (U.S. Food and Drug
Administration, 2018); although studies show that exposure to The Real Cost e-cigarette
prevention ads improves risk perception, as well as lowers intention to use e-cigarettes among
youth/young adults (Noar et al., 2020; Rohde et al., 2020; Xuan & Choi, 2021), more research is
needed to understand the impact of this population-wide communication campaign in increasing
adolescents quit intentions and behavior.
While the present study offers several important insights, its results should be interpreted
considering a few limitations. Since the study is cross-sectional, it is difficult to establish the
cause-and-effect relationships between the independent variables and the stages of change for
intention to quit e-cigarettes. Also, the data were self-reported; therefore, reporting or recall
biases might have occurred. Due to the skip pattern used in the PATH study for data collection,
some of the responses of question about stages of change for intention to quit were not recorded,
which decreased the sample size; and might have led to some non-significant associations. It is
important to note the criticism around the SOC as it draws arbitrary lines using time frames to
differentiate between the stages. The algorithm questions and stage criteria are not consistent
across studies using this approach, which makes it difficult to directly compare the results of all
relevant studies (Armitage, 2009; Coulson et al., 2016). Furthermore, such approaches to
classifying individuals into stages assumes that individuals make coherent and logical plans in
their decision-making process when this is not always true (Brug, 2004). Despite concerns
regarding the conceptual and practical usefulness of the SOC (Brug, 2004; Littell & Girvin,
2002; West, 2005), there is reasonable construct and predictive validity of this model as a
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measure for intention to quit smoking (Hummel et al., 2018); it also has easy application and
intuitive appeal among clinicians (West, 2005).
CONCLUSION
The present findings suggest that nicotine dependence and harm perception, influence of
family/friends and important others, e-cigarette accessibility, anti-tobacco advertisements, and ecigarette health warnings are some of the important factors which are significantly associated
with the stages of change for intention to quit e-cigarette among adolescents. The findings will
be useful for policy makers to design multi-level public health education campaigns and
interventions that will encourage adolescent e-cigarette users to positively navigate various
stages of change for intention to quit e-cigarettes and may eventually help them to quit using
these products.
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CHAPTER III

Transition in Stages of Quitting E-cigarettes and its Associated Factors: Findings from
Wave 3 and 4 of the Population Assessment of Tobacco and Health (PATH) study
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INTRODUCTION
While traditional cigarette smoking has declined from 1999 to 2018, the United States
(US) is now seeing an explosive rise in the use of electronic nicotine products (ENPs), [ecigarettes, in this case] among adolescents (Foxon & Selya, 2020; Jones & Salzman, 2020).
Several factors have contributed to this increase –– including youth-focused e-cigarette
marketing and promotions as well as the introduction of appealing flavors and product
innovations by tobacco industry (Kong & Krishnan-Sarin, 2017; Sapru et al., 2020). This has led
to an increasing concern among clinicians, policy makers, and public health professionals, who
believe that e-cigarettes will create unprecedented opportunities for adolescents to become
addicted to nicotine (Gee et al., 2021); negatively affect their health including learning, memory,
and attention (Glantz & Bareham, 2018; Schraufnagel, 2015); increase their future risk of
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addiction to other substances (Dai et al., 2018; McCabe et al., 2018); and reverse the years of
progress in tobacco cessation and control measures (US Department of Health and Human
Services, 2016).
E-cigarette cessation has until recently been largely overlooked, as e-cigarettes have been
promoted as a smoking cessation aid among adults (Hajek, Phillips-Waller, Przulj, Pesola, Myers
Smith, et al., 2019; Kong & Krishnan-Sarin, 2017). However, recent systematic reviews and
metanalyses have reported that there is in fact reduced smoking cessation with e-cigarettes
(Kalkhoran & Glantz, 2016) or no significant association between e-cigarette use and adult
smoking cessation rates (R. J. Wang et al., 2021). Moreover, the incidence of e-cigarette induced
pulmonary disease outbreak among youth in the US has led to increased coverage about the
dangers of e-cigarette and internet searches for e-cigarette cessation (Leas et al., 2020). Although
very limited studies have assessed interest in quitting or actual quitting behavior among
adolescents, recent data suggest that approximately 45% of adolescents are seriously interested
in quitting e-cigarettes and around 25% have tried to quit during the past year (Smith et al.,
2020). Compared with adolescents who used other brands of e-cigarettes, JUUL (a new ecigarette brand) users are significantly more likely to have ever tried to quit e-cigarettes
(Hammond et al., 2018). Other surveys have found that close to 60% of 15- to 24-year-olds
expressed a desire to quit e-cigarettes as part of their 2021 resolution (Truth Initiative, 2021), and
over half (55%) of youth e-cigarette users believe that it would be easy for them to quit ecigarettes (Bernat et al., 2018).
Evidence suggest that adolescents and young adults have a strong desire to quit e-cigarettes,
with findings suggesting it negatively affects their physical/mental health, academic
performance, and social relationships (Amato et al., 2021); in other studies, difficulty in
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breathing, bad taste, affordability, loss of interest, and family responsibilities have been
identified as common reasons for quitting e-cigarettes (Kong et al., 2015; Saminathan et al.,
2019; Unger et al., 2020; Vu et al., 2018). Studies have also shown that e-cigarette health
warnings may motivate users to quit e-cigarettes (Brewer et al., 2019; Mendel et al., 2018);
however, very few youth or young adults notice such warnings (Sontag et al., 2019).
Furthermore, lower harm and addiction perception in addition to positive attitude towards ecigarettes as compared to traditional cigarettes among adolescents (Ambrose et al., 2014;
Amrock et al., 2015; Bernat et al., 2018; Cooper et al., 2016; Gorukanti et al., 2017), use of ecigarettes among parents, siblings, and peers (Barrington-Trimis et al., 2015; Drehmer et al.,
2019; Fite et al., 2018; Pentz et al., 2015), and neutral or positive messages from family
members towards e-cigarettes (Alexander et al., 2018) may negatively impact adolescents’
interest in quitting. Similarly, social norms and other factors such as easy access to purchasing ecigarettes, and exposure to e-cigarette advertisements, which are known to influence e-cigarette
uptake among adolescents (Amin et al., 2020; Kong & Krishnan-Sarin, 2017), might also affect
quitting behavior.
Quitting e-cigarettes is a process and individuals may go through a progression of change to
achieve full cessation. The present study draws upon a Stages of Change (SOC) of the Transtheoretical Model (TTM) (DiClemente et al., 1991; Prochaska & Velicer, 1997) and the SocioEcological Model (McLeroy et al., 1988) to examine the transitions across stages of quitting ecigarettes and its associated factors among US adolescents. The SOC helps us to conceptualize
the process that e-cigarette users may go through to succeed in quitting e-cigarettes (DiClemente
et al., 1991; Prochaska & Velicer, 1997). The three stages of quitting e-cigarettes are based on
the duration indicated by the individual between the current moment and the intended behaviour
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change and are classified as precontemplation (do not wish to quit within 6 months),
contemplation (wish to quit within 6 months) and preparation (previously made quit attempts and
wish to quit within 30 days). After the behavioural change has taken place (action), the changed
behaviour can be continued (maintenance), or discontinued (relapse) (Glanz et al., 2015; Hoving,
2006). Progression through the SOC in e-cigarette cessation requires understanding of various
factors related to e-cigarette, particularly for those who are unwilling to attempt quitting (Leem
et al., 2017). The use of socio-ecological framework allows us to examine multiple level factors
affecting the transition across different stages of quitting e-cigarettes. The findings will be useful
for healthcare providers and policy makers to design effective stage-based interventions that
would encourage adolescents to move across different stages of quitting. Thus, the aim of the
present study is to examine transitions across stages of quitting e-cigarettes and its association
with individual, interpersonal, and environmental/policy level factors among US adolescents.
METHODS
Data source and study participants
The PATH study is an ongoing, nationally representative longitudinal cohort study of
tobacco use among youth (12-17 years) and adults (≥18 years) in the US. The study is a
collaboration between National Institutes of Health (NIH) and the Food and Drug Administration
(FDA) and was approved by the Westat Institutional Review Board. For our study purposes, we
used the Youth data from Wave 3 (W3) (n=11, 814) and Wave 4 (W4) (n=14,798) of the PATH
survey public use files. In addition, we also used Adult data from W4 (n=33, 822) in order to
incorporate “aged up adults” from W3 youth data. Given that the PATH data is publicly
available, the present study was exempted by the IRB at the University of Memphis (see
Appendix B). This was a prospective observational study, specifically focused on adolescents
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(12-17 years) who reported exclusive use of e-cigarettes in the past 30 days at W3 (n=177), who
were then followed up for approximately 12 to 13 months (includes those still aged <18 years,
and those who had become adults (age ≥18 years; “aged-up adults”) at W4.
Measures
Current e-cigarette use: Dichotomous variables were used that assessed past 30-day use of ecigarettes and various other types of tobacco products (cigarettes, traditional cigars, cigarillos,
filtered cigars, pipe tobacco, hookah, smokeless tobacco, snus; Yes, No), which are referred to as
the “derived variables” in the PATH public use data files (Youth W3 and W4, and Adult W4). At
W3, we identified current exclusive e-cigarette user as those who used only e-cigarettes and did
not use any other tobacco products in the past 30-days. We also measured the current (past 30day) use of “other tobacco products” at W4 and included this variable as one of our confounder
variables in the analysis plan.
Independent variables: Individual factors
Harm perception: Three items assessed respondent’s harm perception about ENPs at W4: the
first item asked the respondents “How much do you think people harm themselves when they use
e-cigarettes or other ENPs on some days but not every day?” Four-response categories for this
item included no harm, a little harm, some harm, a lot of harm. We combined the responses into
three categories (i.e., “no harm/little harm”, “some harm, and “a lot of harm”). The second item
asked the respondents “How harmful do you think the nicotine in e-cigarettes or other electronic
nicotine products is to health?” Five-response categories for this item included not at all harmful,
slightly harmful, somewhat harmful, very harmful, and extremely harmful. We combined the
responses into three categories (i.e., “not at all/slightly harmful”, “somewhat harmful, and
“very/extremely harmful”). The third item asked the respondents “Do you think using e44

cigarettes or other electronic nicotine products is less harmful, about the same, or more harmful
than smoking cigarettes?” Response categories for this item were less harmful, about the same,
and more harmful.
Independent variables: Interpersonal factors
E-cigarette use at home/ by significant other: Two items assessed the use of ENPs at home/ by
significant other at W4: (1) “Not including yourself, does anyone living in your home own an ecigarette or other electronic nicotine product or does anyone who lives with you now use ecigarettes?” (2) “Thinking about the people who are important to you, do any of them use ecigarettes or other ENPs?” Response categories for both these items were “Yes” and “No.”
Independent variables: Environmental/Policy factors
Social norms: Two items were used to assess the social norms regarding ENPs at W4: The first
item asked the respondents, “In general, do you think most people disapprove of using ecigarettes or other ENPs?” The four-response categories were definitely yes, probably yes,
probably not, and definitely not. The responses were coded into two categories (i.e., “Yes” and
“No”). The second item asked the respondents, “Thinking about the people who are important to
you, how would you describe their views on using e-cigarettes or other ENPs?” Response
categories for this item were very positive, positive, neither positive nor negative, negative, and
very negative. We recoded the responses into three categories (i.e., “positive”, “neither positive
nor negative”, and “negative”).
E-cigarette marketing, advertisement, and promotions: We assessed the respondents’ exposure
to ENPs marketing, advertisement, and promotions at W4 using three items: (1)” In the past 12
months, have you received discounts or coupons for e-cigarettes or other ENPs (including eliquid)?”, (2)” In the past 30 days, have you gotten a free sample of an e-cigarette or other ENPs
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(including e-liquid)?” Response categories for first and second questions were “Yes” and “No.”
In the third question, respondents were asked, “In the past 30 days, have you noticed e-cigarettes
or other ENPs being advertised in any of the following places?” Respondents were asked to
choose any of the following applicable responses: “I haven't seen any advertisements in the past
30 days, at gas stations, convenience stores, or other areas.” If the respondents answered that
they haven't seen any advertisements in the past 30 days, we categorized them as “No”, and if the
respondents marked any of the other categories, we categorized them as “Yes”.
Anti-tobacco advertisement: We used a single item to assess the respondent’s exposure to antitobacco advertising campaign at W4: “In the past 12 months, how often did you see an antitobacco advertising campaign?” Response categories included never, rarely, sometimes, and
often. The responses were combined into three categories (i.e., “never”, “rarely/sometimes, and
“often”).
E-cigarette health warning: A single item was used to assess the respondents’ exposure to ENPs
health warnings at W4: “In the past 30 days, how often, if at all, have you noticed the health
warnings on packages of e cigarettes, e-liquid or other ENPs?” Response categories were never,
rarely, sometimes, often, and very often. We combined the responses into three categories (i.e.,
“never”, “rarely, and “sometimes/often/very often”).
Socio-demographic variables
We included gender (Male, Female), race (White, Black, Other), ethnicity (Hispanic, NonHispanic) as the socio-demographic variables.
Dependent variable
The stages of quitting e-cigarettes: In the youth data, a single item was used to assess the stages
of change for intention to quit e-cigarettes at W3 (baseline) and W4 (follow-up): “Are you
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seriously thinking about quitting e-cigarettes?” The response categories for this item included: 1)
Yes, within the next 30 days, (2) Yes, within the next 6 months, (3) Yes, within the year, (4) Yes,
but not within the year, and (5) No, I am not seriously thinking about quitting. The stages of
change for intention to quit were defined as follows: pre-contemplation (PC) included e-cigarette
users who responded with answer 5; preparation (P) included e-cigarette users who responded
with answer 1; and contemplation (C) included e-cigarette users who choose rest of the options.
For the “aged up adults” in Wave 4, the stage of change of intention to quit question was asked
in two parts: The first part asked the respondents, “Do you plan to ever quit using ENPs for
good”? The response categories for this question included yes and no; and those respondents
who answered “yes” to this question were further asked, “When do you plan to quit ENPs for
good?” The five-response categories for this second part of the question included: in the next 7
days, in the next 30 days, in the next 6 months, in the next year, and more than one year from
now. We combined the responses from the second part of the question into four categories (i.e.,
“(1) within the next 30 days”, “(2) in the next 6 months, “(3) in the next year” and “(4) more than
one year from now”). In order to be consistent, we classified the “aged up adults” in different
stages based on the same criteria that we used for youth. The pre-contemplation (PC) included ecigarette users who responded “no” to the first part of the question; preparation (P) included ecigarette users who responded with answer (1) for the second part of the question; and
contemplation (C) included e-cigarette users who choose rest of the options for the second part
of the question. At W4, we again measured current e-cigarette use in the past 30-days among
adolescents (includes those aged <18 years and “aged-up adults”). All the respondents who did
not report using e-cigarettes at W4 were classified under action (A) stage.
Statistical analyses
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The replicate weights generated by the PATH study database were used to account for
complex study design features such as over sampling and non-response (Hyland et al., 2017). As
recommended by the PATH study, all estimates were calculated using the balanced repeated
replication method with the Fay’s adjustment value of 0.3 (Hyland et al., 2017; Judkins, 1990;
McCarthy, 1969). Descriptive statistics included unweighted frequencies, weighted percentages
and 95% confidence interval for categorical variables. The 95% confidence interval (95%CI) for
proportions was calculated using the Wilson method (Coleman et al., 2018; Dai et al., 2018)
We first examined transition in stages of quitting e-cigarettes among US adolescents from
W3 (baseline) to W4 (follow up). Due to the small size in contemplation and preparation stages,
we combined these two stages for our analysis. Six mutually exclusive transition groups were
determined for this study: Group 1 (PC at both baseline and follow-up), Group 2 (PC at baseline
and C/P at follow-up), Group 3 (PC at baseline and A at follow-up), Group 4 (C/P at baseline
and PC at follow up), Group 5 (C/P at both baseline and follow-up), and Group 6 (C/P at
baseline and A at follow-up). The outcome variable for this study were six different transition
groups, and the independent variables were the individual, interpersonal, and
environmental/policy level factors related to e-cigarettes. We ran separate weighted unadjusted
and adjusted logistic regression models for each of the six transition groups (comparing each
group to all other groups combined) to determine the association of descriptive characteristics
and predictor variables with the outcome variable. Odds ratios (aORs) and 95% CI were
calculated. We used SAS 9.4 to perform statistical analyses (SAS Institute, Inc, Cary, NC), and
the level of significance was kept at p value of ≤ 0.05.
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RESULTS
Of 177 adolescent current exclusive e-cigarette users at W3, 136 were followed up at W4
(76.8% retention rate). Overall, about 9% of adolescents remained in the PC stage at both W3
and W4 (Group 1); 12.0% and 35.8% progressed to C/P (Group 2) and A (Group 3) stages at W4
from PC at W3; 7.7% regressed back from C/P stage at W3 to PC at W4 (Group 4); 10.0%
remained in the C/P stage at both W3 and W4 (Group 5); and 25.5% progressed from C/P at W3
to A stage at W4 (Group 6). In all groups except Group 1 (48.0%) and Group 3 (46.0%), more
than half of the adolescents were males. The majority of adolescents in all groups were White
and non-Hispanic. Approximately 63% of adolescents in Group 2 and 88.0% in Group 4 started
using other tobacco products at W4 (See Table 4).
Table 4. Descriptive characteristics based on transition in stages of e-cigarette cessation among
adolescent e-cigarette users from wave 3 to Wave 4 of the PATH study (n=136)
Descriptive
Characteristics

Total (n=136)

Transition in stages of change for e-cigarette cessation
G1 (PC to PC)
(n=13, 9.0%)
Weighted %
(95% CI)

G2 (PC to C/P)
(n=15, 12.0%)
Weighted %
(95% CI)

G3 (PC to A)
(n=48, 35.8%)
Weighted %
(95% CI)

Gender
Male
53.4 (43.7, 62.8) 48.0 (24.6, 72.3) 64.4 (39.7, 83.3) 46.0 (30.8, 61.9)
Female
46.6 (37.2, 56.3) 52.0 (27.7, 75.4) 35.6 (16.7, 60.3) 54.0 (38.1, 69.2)
Race
White
77.0 (67.5, 84.4) 86.0 (59.3, 96.3) 64.1 (39.4, 83.1) 81.2 (66.8, 90.2)
Black/Other
23.0 (15.6, 32.5)
14.0 (3.7, 40.7) 35.9 (16.9, 60.6)
18.8 (9.8, 33.2)
Ethnicity
Hispanic
22.4 (16.1, 30.3)
6.3 (1.0, 31.6)
4.7 (0.6, 27.2) 20.8 (11.7, 34.4)
Non-Hispanic
77.6 (69.7, 83.9) 93.7 (68.4, 99.0) 95.3 (72.8, 99.4) 79.2 (65.6, 88.3)
Other tobacco product use
at Wave 4
Yes
39.2 (31.3, 47.6) 35.8 (15.7, 62.4) 62.8 (38.3, 82.2) 28.9 (18.0, 42.9)
No
60.8 (52.4, 68.7) 64.2 (37.6, 84.3) 37.2 (17.8, 61.7) 71.1 (57.1, 82.0)
G1 (PC at both baseline and follow-up), G2 (PC at baseline and C/P at follow-up), G3 (PC at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; Percentage (%) estimates calculated using sample weights,
frequencies (n) based on unweighted data.
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Table 4 (continued)
Descriptive
Characteristics

Total (n=136)

Transition in stages of change for e-cigarette
cessation
G4 (C/P to PC) G5 (C/P to C/P)
G6 (C/P to A)
(n=11, 7.7%)
(n=14, 10.0%)
(n=35, 25.5%)
Weighted %
(95% CI)

Weighted %
(95% CI)

Weighted %
(95% CI)

Gender
Male
53.4 (43.7, 62.8) 66.1 (37.5, 86.3) 62.8 (37.4, 82.6) 52.9 (36.6, 68.6)
Female
46.6 (37.2, 56.3) 33.9 (13.6, 62.5) 37.2 (17.4, 62.6) 47.1 (31.4, 63.4)
Race
White
77.0 (67.5, 84.4) 85.5 (56.2, 96.4)
84.1 (57.2, 95.4 68.8 (51.0, 82.4)
Black/Other
23.0 (15.6, 32.5)
14.5 (3.6, 43.8)
15.9 (4.6, 42.8) 31.2 (17.6, 49.0)
Ethnicity
Hispanic
22.4 (16.1, 30.3) 43.7 (20.0, 70.6) 37.8 (17.5, 63.5) 26.9 (14.4, 44.5)
Non-Hispanic
77.6 (69.7, 83.9) 56.3 (29.4, 80.0) 62.2 (36.5, 82.5) 73.1 (55.5, 85.6)
Other tobacco product use at
Wave 4
Yes
39.2 (31.3, 47.6) 87.5 (58.4, 97.2) 31.7 (11.2, 63.0) 31.8 (17.9, 49.9)
No
60.8 (52.4, 68.7)
12.5 (2.8, 41.6) 68.3 (37.0, 88.8) 68.2 (50.1, 82.1)
G4 (C/P at baseline and PC at follow up), G5 (C/P at both baseline and follow-up), and G6 (C/P at baseline and A
at follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes
for quitting e-cigarettes; CI: Confidence interval; Percentage (%) estimates calculated using sample weights,
frequencies (n) based on unweighted data.

More than half of the adolescents in Group 2 (52.2%), Group 4 (65.9%), and Group 5
(67.3%) perceived “little/no harm” when they used e-cigarettes. Approximately 66% of
adolescents in Group 4 believed that nicotine in e-cigarettes was “not at all/slightly harmful”
whereas only 24.2% had such same belief in Group 3. Except Group 3 (44.3%) and Group 6
(47.7%), over 50% of adolescents in all other groups believed that e-cigarettes were less harmful
as compared to cigarettes. Less than one-fourth of adolescents in Group 3 (18.1%), Group 4
(5.5%), and Group 6 (18.5%) reported that someone else in their home owns an e-cigarette. A
greater proportion of adolescents in Group 1 (71.0%), and a lower proportion of them in Group 3
(16.3%) reported that important people in their life used e-cigarettes.
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Table 5. Individual, interpersonal, and environmental/policy level factors and transition in different
stages of e-cigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4 of the
PATH study (n=136)
Individual/Interpersonal
/Environmental or Policy
factors at Wave 4

Total
(n=136)

G1 (PC to PC)
(n=13, 9.0%)
Weighted %
(95% CI)

G2 (PC to C/P)
(n=15, 12.0%)
Weighted %
(95% CI)

G3 (PC to A)
(n=48, 35.8%)
Weighted %
(95% CI)

47.8 (39.5, 56.1)
32.0 (24.6, 40.6)
20.2 (14.3, 27.7)

47.1 (23.9, 71.6)
46.1 (23.2, 70.8)
6.8 (1.1, 32.2)

52.2 (29.1, 74.5)
23.1 (8.8, 48.4)
24.7 (9.4, 50.8)

39. 3 (26.5, 53.9)
33.6 (21.9, 47.7)
27.1 (16.6, 41.0)

33.9 (25.6, 43.3)

31.7 (13.2, 58.5)

31.1 (13.7, 56.2)

24. 2 (13.1, 40.4)

33.7 (25.5, 42.9)
32.4 (24.9, 40.9)

48.9 (24.3, 74.1)
19.4 (6.2, 46.5)

44.3 (23.0, 67.9)
24.6 (9.4, 50.8)

31.3 (19.3, 46.3)
44.5 (30.9, 59.1)

55.9 (47.4, 64.1)
35.9 (28.4, 44.3)
8.1 (4.4, 14.5)

88.0 (61.5, 97.1)
5.2 (0.7, 30.1)
6.8 (1.1, 32.2)

55.5 (31.9, 76.9)
25.4 (10.1, 50.7)
19.1 (5.9, 47.0)

44.3 (30.9, 58.5)
48.9 (35.3, 62.5)
6.8 (2.5, 17.6)

24.9 (17.4, 34.5)
75.1 (65.5, 82.6)

41.2 (19.2, 67.4)
58.8 (32.6, 80.8)

53.0 (28.5, 76.1)
47.0 (23.9, 71.5)

18.1 (9.7, 31.4)
81.9 (68.6, 90.3)

30.4 (22.2, 40.0)
69.6 (60.0, 77.8)

71.3 (42.7, 89.2)
28.7 (10.8, 57.3)

27.7 (11.4, 53.1)
72.3 (46.9, 88.6)

16.7 (8.7, 29.6)
83.3 (70.4, 91.3)

40.5 (32.4, 49.1)
59.5 (50.9, 67.6)

54.2 (28.9, 77.5)
45.8 (22.5, 71.1)

50.6 (27.9, 73.1)
49.4 (27.0, 72.1)

40.8 (28.1, 54.9)
59.2 (45.1, 71.9)

10.2 (5.7, 17.5)
32.7 (24.7, 41.8)

13.6 (3.5, 40.2)
31.9 (12.7, 60.0)

8.6 (1.7, 33.7)
29.4 (12.6, 54.6)

4.0 (1.0, 14.6)
34.0 (20.4, 50.8)

57.1 (47.4, 66.3)

54.5 (29.0, 77.9)

62.0 (37.5, 81.6)

62.0 (45.3, 76.3)

53.1 (43.0, 62.9)
46.9 (37.1, 57.0)

56.4 (30.4, 79.3)
43.6 (20.7, 69.6)

55.2 (31.7, 76.6)
44.8 (23.4, 68.3)

52.1 (37.2, 66.7)
47.9 (33.3, 62.8)

Harm perception
People harm themselves when
they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all harmful/Slightly
harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home owns
an ENP
Yes
No
Use of ENP by important
people
Yes
No
Social norms
Most people disapprove of
ENP
Yes
No
Important people’s view on
using ENP
Positive
Neither positive nor
negative
Negative
ENP Advertisement
Noticed ENP advertisements
in the past 30 days
Yes
No

Transition in stages of change for e-cigarette cessation
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Table 5 (continued)
Individual/Interpersonal
/Environmental or Policy
factors at Wave 4

Total
(n=136)

Transition in stages of change for e-cigarette cessation

G1 (PC to PC)
(n=13, 9.0%)
Weighted %
(95% CI)

G2 (PC to C/P)
(n=15, 12.0%)
Weighted %
(95% CI)

G3 (PC to A)
(n=48, 35.8%)
Weighted %
(95% CI)

Anti-tobacco advertisement
Saw anti-tobacco advertising
campaign
Never
26.3 (18.5, 35.9)
20.4 (6.7, 47.5) 28.7 (12.2, 53.9) 34.6 (21.9, 50.0)
Rarely/sometimes
45.3 (34.9, 56.0) 45.3 (22.3, 70.5) 53.6 (30.3, 75.4) 37.9 (23.6, 54.7)
Often
28.5 (20.7, 37.8) 34.3 (14.6, 61.6)
17.7 (5.8, 42.7) 27.5 (15.4, 44.1)
Health warnings
Noticed health warnings on
ENP packages
Never
64.2 (55.8, 71.8) 67.3 (38.9, 86.9) 48.6 (25.5, 72.2) 60.7 (46.4, 73.3)
Rarely
15.1 (10.0, 22.1)
25.9 (9.1, 55.1)
10.7 (2.6, 34.8)
11.3 (4.8, 24.3)
Sometimes/Often/Very
20.7 (14.4, 28.8)
6.8 (1.1, 32.2) 40.7 (19.3, 66.4) 28.0 (16.8, 43.0)
often
G1 (PC at both baseline and follow-up), G2 (PC at baseline and C/P at follow-up), G3 (PC at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; Percentage (%) estimates
calculated using sample weights, frequencies (n) based on unweighted data.

In Group 1 and Group 2, approximately 55% and 51.0%, respectively, said that most
people disapprove use of e-cigarettes; in all the groups except Group 4, more than 50% of
adolescents reported that there was a negative view of people about using e-cigarettes. Except
Group 2, over half of adolescents in all other groups reported that they never saw health
warnings on e-cigarette packages (See Tables 5 and 6).
In a weighted unadjusted and adjusted logistic regression analysis that compared
adolescents in each of the six transition groups to all other groups combined, adolescents who
reported using other tobacco products at Wave 4 were approximately three times more likely to
be in Group 2 (Unadjusted OR = 3.02 [95% CI: 1.96- 9.51], p=0.05) and 13 times more likely to
be in Group 4 (Unadjusted OR = 12.95 [95% CI: 1.62- 103.55], p=0.01) than those who did not
report using other tobacco products.
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Table 6. Individual, interpersonal, and environmental/policy level factors and transition in different
stages of e-cigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4 of the
PATH study (n=136)
Individual/Interpersonal/
Environmental or Policy
factors at Wave 4

Total
(n=136)

G4 (C/P to PC)
(n=11, 7.7%)
Weighted %
(95% CI)

G5 (C/P to C/P)
(n=14, 10.0%)
Weighted %
(95% CI)

G6 (C/P to A)
(n=35, 25.5%)
Weighted %
(95% CI)

47.8 (39.5, 56.1)
32.0 (24.6, 40.6)
20.2 (14.3, 27.7)

65.9 (37.4, 86.3)
28.6 (10.5, 57.8)
5.5 (0.7, 33.3)

67.3 (41.5, 85.6)
21.7 (7.7, 47.9)
11.0 (2.6, 36.2)

44.5 (29.4, 60.7)
34.3 (20.8, 51.0)
21.2 (10.8, 37.4)

33.9 (25.6, 43.3)

66.1 (37.5, 86.4)

46.4 (20.7, 74.3)

35.0 (21.2, 51.9)

33.7 (25.5, 42.9)
32.4 (24.9, 40.9)

21.1 (6.5, 50.6)
12.8 (2.9, 41.9)

38.4 (16.7, 65.8)
15.2 (4.4, 41.0)

28.7 (15.8, 46.5)
36.3 (22.2, 53.2)

55.9 (47.4, 64.1)
35.9 (28.4, 44.3)
8.1 (4.4, 14.5)

72.7 (43.4, 90.3)
21.8 (6.9, 51.3)
5.5 (0.7, 33.3)

77.3 (51.1, 91.7)
16.2 (4.9, 42.0)
6.5 (1.1, 30.7)

47.7 (32.2, 63.6)
45.7 (30.5, 61.8)
6.6 (1.8, 21.3)

24.9 (17.4, 34.5)
75.1 (65.5, 82.6)

5.5 (0.7, 33.3)
94.5 (66.7, 99.3)

31.9 (12.1, 61.3)
68.1 (38.7, 87.9)

18.5 (9.0, 34.2)
81.5 (65.8, 91.0)

30.4 (22.2, 40.0)
69.6 (60.0, 77.8)

32.6 (12.0, 63.1)
67.4 (36.9, 88.0)

44.8 (20.7, 71.5)
55.2 (28.5, 79.3)

30.9 (18.0, 47.7)
69.1 (52.3, 82.0)

40.5 (32.4, 49.1)
59.5 (50.9, 67.6)

23.0 (7.5, 52.5)
77.0 (47.5, 92.5)

45.7 (23.5, 69.6)
54.3 (30.2, 76.5)

33.8 (20.5, 50.4)
66.2 (49.6, 79.5)

10.2 (5.7, 17.5)
32.7 (24.7, 41.8)

25.7 (8.9, 55.1)
38.8 (16.7, 66.6)

13.5 (3.7, 39.1)
29.4 (10.9, 58.7)

12.5 (4.5, 30.0)
32.3 (18.1, 50.8)

57.1 (47.4, 66.3)

35.6 (14.7, 63.9)

57.1 (31.3, 79.6)

55.2 (38.3, 71.0)

53.1 (43.0, 62.9)
46.9 (37.1, 57.0)

43.5 (19.9, 70.5)
56.5 (29.5, 80.1)

56.5 (31.4, 78.7)
43.5 (21.3, 68.6)

53.9 (37.4, 69.6)
46.1 (30.4, 62.6)

Harm perception
People harm themselves when
they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all harmful/Slightly
harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home owns
an ENP
Yes
No
Use of ENP by important
people
Yes
No
Social norms
Most people disapprove of
ENP
Yes
No
Important people’s view on
using ENP
Positive
Neither positive nor
negative
Negative
ENP Advertisement
Noticed ENP advertisements
in the past 30 days
Yes
No

Transition in stages of change for e-cigarette cessation
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Table 6 (continued)
Individual/Interpersonal/
Environmental or Policy
factors at Wave 4

Total
(n=136)

Transition in stages of change for e-cigarette cessation

G4 (C/P to PC)
(n=11, 7.7%)
Weighted %
(95% CI)

G5 (C/P to C/P)
(n=14, 10.0%)
Weighted %
(95% CI)

G6 (C/P to A)
(n=35, 25.5%)
Weighted %
(95% CI)

Anti-tobacco advertisement
Saw anti-tobacco advertising
campaign
Never
26.3 (18.5, 35.9)
7.0 (1.0, 35.2)
10.0 (2.2, 3.9)
27.8 (14.5, 46.7)
Rarely/sometimes
45.3 (34.9, 56.0) 42.7 (19.3, 69.8) 75.7 (45.3, 92.2)
40.4 (25.5, 57.4)
Often
28.5 (20.7, 37.8) 50.3 (24.8, 75.7)
14.3 (3.2, 45.5)
31.8 (18.8, 48.3)
Health warnings
Noticed health warnings on
ENP packages
Never
64.2 (55.8, 71.8) 75.3 (45.8, 91.6) 53.1 (29.2, 75.6)
76.6 (60.4, 87.5)
Rarely
15.1 (10.0, 22.1)
7.2 (1.1, 35.5) 39.5 (18.9, 64.5)
11.4 (4.5, 25.9)
Sometimes/Often/Very often 20.7 (14.4, 28.8)
17.5 (4.8, 47.0)
7.4 (1.4, 31.9)
12.0 (4.9, 26.7)
G4 (C/P at baseline and PC at follow up), G5 (C/P at both baseline and follow-up), and G6 (C/P at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; Percentage (%) estimates
calculated using sample weights, frequencies (n) based on unweighted data.

At the individual level, adolescents who perceived that nicotine in e-cigarettes were “not at
all/slightly harmful” to health relative to “very/extremely harmful” were significantly less likely
to be in Group 3 (Unadjusted OR = 0.26 [95% CI: 0.07- 0.91], p=0.03). Compared to adolescents
who considered e-cigarettes to be “less harmful” than cigarettes, those who considered its
harmfulness to be “about the same” were significantly more likely to be in Group 3 (Unadjusted
OR = 2.39 [95% CI: 1.05- 5.45], p=0.03; aOR =3.53 [95% CI: 1.26- 9.89], p=0.01) (See Tables
7, 8, 9, and 10).
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Table 7. Weighted unadjusted logistic regression analysis showing association of sociodemographics, individual, interpersonal, and environmental/policy level factors with transition in
different stages of e-cigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4
of the PATH study (n=136)
Sociodemographics/Individual/
Interpersonal/
Environmental or Policy
factors at Wave 4

Gender
Male
Female
Race
White
Black/Other
Ethnicity
Hispanic
Non-Hispanic
Other tobacco product use at
Wave 4
Yes
No
Harm perception
People harm themselves
when they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all harmful/Slightly
harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home owns
an ENP
Yes
No
Use of ENP by important
people
Yes
No

Transition in stages of change for e-cigarette cessation

G1 (PC to PC)
OR (95% CI), p-value

G2 (PC to C/P)
OR (95% CI), p-value

G3 (PC to A)
OR (95% CI), p-value

0.79 (0.22, 2.85), 0.71
Ref

1.68 (0.50, 5.66), 0.39
Ref

0.63 (0.28, 1.41), 0.26
Ref

Ref
0.52 (0.11, 2.47), 0.41

Ref
2.09 (0.59, 7.42), 0.25

Ref
0.69 (0.26, 1.81), 0.44

0.21 (0.01, 3.52), 0.28
Ref

0.15 (0.02, 2.15), 0.16
Ref

0.86 (0.35, 2.15), 0.75
Ref

0.85 (0.19, 3.93), 0.83
Ref

3.02 (0.96, 9.51), 0.05
Ref

0.49 (0.21, 1.16), 0.11
Ref

3.11 (0.19, 49.4), 0.42
4.74 (0.31, 72.9), 0.26
Ref

0.88 (0.16, 1.81), 0.88
0.55 (0.09, 3.58), 0.53
Ref

0.45 (0.18, 1.12), 0.08
0.65 (0.27, 1.54), 0.32
Ref

1.61 (0.22, 11.88), 0.64

1.23 (0.21, 7.27), 0.82

0.36 (0.12, 1.07), 0.06

2.64 (0.34, 20.62), 0.35
Ref

1.86 (0.34, 10.15), 0.47
Ref

0.51 (0.20, 1.32), 0.16
Ref

Ref
0.08 (0.01, 1.24), 0.07
0.49 (0.03, 7.73), 0.61

Ref
0.69 (0.18, 2.60), 0.57
2.91 (0.41, 20.63), 0.28

Ref
2.39 (1.05, 5.45), 0.03
1.09 (0.25, 4.86), 0.90

2.31 (0.58, 9.22), 0.23
Ref

4.22 (1.18, 15.04), 0.02
Ref

0.55 (0.23, 1.34), 0.19
Ref

6.91 (1.42, 33.56), 0.02
Ref

0.86 (0.22, 3.43), 0.83
Ref

0.32 (0.14, 0.73), 0.007
Ref
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Table 7 (continued)
Sociodemographics/Individual/
Interpersonal/
Environmental or Policy
factors at Wave 4

Transition in stages of change for e-cigarette cessation

G1 (PC to PC)
OR (95% CI), p-value

G2 (PC to C/P)
OR (95% CI), p-value

G3 (PC to A)
OR (95% CI), p-value

Social norms
Most people disapprove of
ENP
Yes
1.84 (0.46, 7.34), 0.38
1.59 (0.49, 5.21), 0.44
1.02 (0.52, 2.00), 0.96
No
Ref
Ref
Ref
Important people’s view on
using ENP
Positive
1.45 (0.17, 12.4), 0.73 0.75 (0.05, 12.37), 0.84
0.26 (0.03, 2.23), 0.21
Neither positive nor
1.02 (0.20, 5.19), 0.98
0.81 (0.19, 3.32), 0.76
0.93 (0.34, 2.52), 0.88
negative
Negative
Ref
Ref
Ref
ENP Advertisement
Noticed ENP
advertisements in the past
30 days
Yes
1.16 (0.27, 4.89), 0.84
1.10 (0.35, 3.47), 0.86
0.94 (0.42, 2.09), 0.88
No
Ref
Ref
Ref
Anti-tobacco advertisement
Saw anti-tobacco
advertising campaign
Never
0.62 (0.07, 5.20), 0.65
1.87 (0.36, 9.82), 0.46
1.68 (0.62, 4.60), 0.30
Rarely/sometimes
0.81 (0.15, 4.39), 0.81
2.01 (0.46, 9.22), 0.34
0.81 (0.29, 2.21), 0.68
Often
Ref
Ref
Ref
Health warnings
Noticed health warnings on
ENP packages
Never
3.45 (0.23, 50.1), 0.37
0.32 (0.07, 1.41), 0.13
0.54 (0.21, 1.43), 0.21
Rarely
6.00 (0.29, 124.05), 0.24
0.30 (0.03, 3.07), 0.31
0.39 (0.08, 1.99), 0.25
Sometimes/Often/Very
Ref
Ref
Ref
often
G1 (PC at both baseline and follow-up), G2 (PC at baseline and C/P at follow-up), G3 (PC at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; OR: Odds ratio; Ref: Reference
category; p≤0.05 statistically significant
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Table 8. Weighted unadjusted logistic regression analysis showing association of sociodemographics, individual, interpersonal, and environmental/policy level factors with transition in
different stages of e-cigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4
of the PATH study (n=136)
Sociodemographics/Individual/
Interpersonal/
Environmental or Policy
factors at Wave 4

Gender
Male
Female
Race
White
Black/Other
Ethnicity
Hispanic
Non-Hispanic
Other tobacco product use
at Wave 4
Yes
No
Harm perception
People harm themselves
when they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all
harmful/Slightly harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home
owns an ENP
Yes
No
Use of ENP by important
people
Yes
No

Transition in stages of change for e-cigarette cessation

G4 (C/P to PC)
OR (95% CI), p-value

G5 (C/P to C/P)
OR (95% CI), p-value

G6 (C/P to A)
OR (95% CI), p value

1.78 (0.46, 6.95), 0.40
Ref

1.54 (0.44, 5.37), 0.49
Ref

0.97 (0.39, 2.38), 0.95
Ref

Ref
0.55 (0.07, 4.33), 0.56

Ref
0.61 (0.12, 3.22), 0.56

Ref
1.79 (0.63, 5.12), 0.28

2.99 (0.83, 10.80), 0.09
Ref

2.32 (0.50, 10.74), 0.28
Ref

1.37 (0.54, 3.48), 0.50
Ref

12.95 (1.62, 103.55), 0.01
Ref

0.69 (0.11, 4.34), 0.69
Ref

0.65 (0.25, 1.69), 0.37
Ref

5.57 (0.36, 86.87), 0.22
3.45 (0.18, 65.96), 0.41
Ref

2.85 (0.43, 18.76), 0.27
1.26 (0.13, 12.66), 0.84
Ref

0.85 (0.29, 2.52), 0.77
1.02 (0.31, 3.45), 0.96
Ref

5.65 (0.68, 46.95), 0.11

3.22 (0.47, 22.28), 0.23

0.89 (0.34, 2.32), 0.81

1.62 (0.11, 23.01), 0.71
Ref

2.61 (0.47, 14.56), 0.27
Ref

0.69 (0.24, 2.01), 0.49
Ref

Ref
0.44 (0.07, 2.81), 0.38
0.49 (0.03, 8.02), 0.61

Ref
0.29 (0.07, 1.29), 0.10
0.54 (0.03, 9.77), 0.68

Ref
1.73 (0.75, 3.96), 0.19
0.94 (0.12, 7.47), 0.96

0.16 (0.01, 2.39), 0.18
Ref

1.47 (0.29, 7.28), 0.64
Ref

0.61 (0.22, 1.68), 0.33
Ref

1.12 (0.16, 7.87), 0.91
Ref

2.01 (0.46, 8.73), 0.35
Ref

1.03 (0.41, 2.59), 0.94
Ref
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Table 8 (continued)
Sociodemographics/Individual/
Interpersonal/
Environmental or Policy
factors at Wave 4

Transition in stages of change for e-cigarette cessation

G4 (C/P to PC)
OR (95% CI), p-value

G5 (C/P to C/P)
OR (95% CI), p-value

G6 (C/P to A)
OR (95% CI), p value

Social norms
Most people disapprove of
ENP
Yes
0.41 (0.07, 2.42), 0.32
1.27 (0.36, 4.49), 0.71
0.68 (0.29, 1.59), 0.37
No
Ref
Ref
Ref
Important people’s view on
using ENP
Positive
4.79 (0.53, 43.30), 0.16
1.37 (0.23, 8.12), 0.72
1.39 (0.30, 6.33), 0.67
Neither positive nor
1.99 (0.35, 11.34), 0.43
0.89 (0.16, 4.99), 0.89
1.03 (0.40, 2.63), 0.96
negative
Negative
Ref
Ref
Ref
ENP Advertisement
Noticed ENP advertisements
in the past 30 days
Yes
0.66 (0.17, 2.55), 0.54
1.17 (0.32, 4.29), 0.81
1.05 (0.44, 2.49), 0.92
No
Ref
Ref
Ref
Anti-tobacco advertisement
Saw anti-tobacco advertising
campaign
Never
0.13 (0.01, 2.31), 0.16
0.74 (0.16, 9.14), 0.81
0.93 (0.29, 2.91), 0.89
Rarely/sometimes
0.49 (0.11, 2.25), 0.36 3.79 (0.34, 41.88), 0.27
0.74 (0.28, 1.99), 0.55
Often
Ref
Ref
Ref
Health warnings
Noticed health warnings on
ENP packages
Never
1.42 (0.18, 11.23), 0.73 2.40 (0.18, 32.24), 0.50
2.50 (0.64, 9.74), 0.18
Rarely
0.55 (0.02, 12.49), 0.70 9.50 (0.58, 155.17, 0.11
1.36 (0.22, 8.47), 0.74
Sometimes/Often/Very
Ref
Ref
Ref
often
G4 (C/P at baseline and PC at follow up), G5 (C/P at both baseline and follow-up), and G6 (C/P at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; OR: Odds ratio; Ref: Reference
category; p≤0.05 statistically significant
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Table 9. Weighted adjusted logistic regression analysis showing association of individual,
interpersonal, and environmental/policy level factors with transition in different stages of ecigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4 of the PATH study
(n=136)
Individual/ Interpersonal/
Environmental or Policy
factors at Wave 4

Harm perception
People harm themselves
when they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all harmful/Slightly
harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home owns
an ENP
Yes
No
Use of ENP by important
people
Yes
No
Social norms
Most people disapprove of
ENP
Yes
No
Important people’s view on
using ENP
Positive
Neither positive nor
negative
Negative
ENP Advertisement
Noticed ENP advertisements
in the past 30 days
Yes
No

Transition in stages of change for e-cigarette cessation

G1 (PC to PC)
OR (95% CI), p-value

G2 (PC to C/P)
OR (95% CI), p-value

G3 (PC to A)
OR (95% CI), p-value

2.74 (0.18, 41.84), 0.46
4.79 (0.28, 82.65), 0.28
Ref

0.72 (0.12, 4.19), 0.71
0.66 (0.08, 5.69), 0.69
Ref

0.40 (0.14, 1.17), 0.09
0.59 (0.22, 1.61), 0.29
Ref

1.48 (0.16, 13.49), 0.72

0.87 (0.13, 5.95), 0.88

0.26 (0.07, 0.91), 0.03

2.22 (0.26, 18.94), 0.46
Ref

1.27 (0.22, 7.30), 0.79
Ref

0.41 (0.13, 1.31), 0.13
Ref

Ref
0.08 (0.01, 1.31), 0.07
0.64 (0.03, 13.99), 0.77

Ref
0.64 (0.13, 3.06), 0.57
3.07 (0.57, 16.54), 0.19

Ref
3.53 (1.26, 9.89), 0.01
1.61 (0.26, 9.92), 0.60

1.99 (0.46, 8.62), 0.35
Ref

4.99 (1.09, 22.62), 0.03
Ref

0.51 (0.17, 1.54), 0.23
Ref

6.81 (1.38, 33.73), 0.01
Ref

0.76 (0.18, 3.29), 0.71
Ref

0.28 (0.11, 0.75), 0.01
Ref

2.08 (0.46, 9.43), 0.34
Ref

1.68 (0.46, 6.15), 0.43
Ref

1.33 (0.61, 2.92), 0.47
Ref

1.61 (0.14, 18.99), 0.70
0.86 (0.17, 4.31), 0.85

0.76 (0.03, 21.39), 0.87
0.78 (0.16, 3.68), 0.75

0.31 (0.03, 3.02), 0.31
0.92 (0.32, 2.64), 0.88

Ref

Ref

Ref

1.52 (0.39, 5.97), 0.54
Ref

0.89 (0.24, 3.25), 0.86
Ref

0.99 (0.42, 2.37), 0.99
Ref
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Table 9 (continued)
Individual/ Interpersonal/
Environmental or Policy
factors at Wave 4

Transition in stages of change for e-cigarette cessation

G1 (PC to PC)
OR (95% CI), p-value

G2 (PC to C/P)
OR (95% CI), p-value

G3 (PC to A)
OR (95% CI), p-value

Anti-tobacco advertisement
Saw anti-tobacco
advertising campaign
Never
0.75 (0.09, 6.65), 0.79
2.75 (0.51, 14.89), 0.24
1.85 (0.48, 7.12), 0.37
Rarely/sometimes
0.92 (0.16, 5.45), 0.93
2.45 (0.51, 11.73), 0.26
0.72 (0.24, 2.14), 0.55
Often
Ref
Ref
Ref
Health warnings
Noticed health warnings on
ENP packages
Never
3.57 (0.23, 55.76), 0.36
0.25 (0.05, 1.43), 0.12
0.54 (0.18, 1.60), 0.27
Rarely
6.79 (0.28, 162.76), 0.23
0.27 (0.02, 3.72), 0.33
0.38 (0.06, 2.22), 0.28
Sometimes/Often/Very
Ref
Ref
Ref
often
G1 (PC at both baseline and follow-up), G2 (PC at baseline and C/P at follow-up), G3 (PC at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; Ref: Reference category OR:
Odds ratio; analysis was adjusted for gender, race, ethnicity, and other tobacco product use at Wave 4; p≤0.05
statistically significant

At the interpersonal level, adolescents who reported that someone else in their home owns
an e-cigarette were significantly more likely to be in Group 2 as compared to those adolescents
who denied that someone else in their home owned an e-cigarette (Unadjusted OR = 4.22 [95%
CI: 1.18- 15.04], p=0.02; aOR =4.99 [95% CI: 1.09- 22.62], p=0.03). Similarly, compared to
adolescents who denied about the use of cigarettes by important people in their life, those who
reported that important people in their life used e-cigarettes were significantly less likely to be in
Group 3 (Unadjusted OR = 0.32 [95% CI: 0.14- 0.73], p=0.007; aOR =0.28 [95% CI: 0.110.75], p=0.01) and significantly more likely to be in Group 1 (Unadjusted OR = 6.91 [95% CI:
1.42- 33.56], p=0.02; aOR =6.81 [95% CI: 1.38- 33.73], p=0.01). No significant associations
were seen between environmental/policy level factors and all six transition groups of e-cigarette
cessation (See Tables 7, 8, 9, and 10).
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Table 10. Weighted adjusted logistic regression analysis showing association of individual,
interpersonal, and environmental/policy level factors with transition in different stages of ecigarette cessation among adolescent e-cigarette users from wave 3 to Wave 4 of the PATH study
(n=136)
Individual/ Interpersonal/
Environmental or Policy
factors at Wave 4

Harm perception
People harm themselves
when they use ENP
No harm/Little harm
Some harm
A lot of harm
Harmfulness of nicotine in
ENP
Not at all harmful/Slightly
harmful
Somewhat harmful
Very/extremely harmful
Harmfulness of ENP as
compared to cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by
important people
Someone else in home owns
an ENP
Yes
No
Use of ENP by important
people
Yes
No
Social norms
Most people disapprove of
ENP
Yes
No
Important people’s view on
using ENP
Positive
Neither positive nor
negative
Negative
ENP Advertisement
Noticed ENP
advertisements in the past
30 days
Yes
No

Transition in stages of change for e-cigarette cessation

G4 (C/P to PC)
OR (95% CI), p-value

G5 (C/P to C/P)
OR (95% CI), p-value

G6 (C/P to A)
OR (95% CI), p-value

6.46 (0.17, 249.54), 0.31
4.49 (0.08, 262.48), 0.47
Ref

7.65 (0.61, 96.36), 0.11
2.53 (0.12, 53.12), 0.55
Ref

0.93 (0.27, 3.22), 0.90
0.95 (0.22, 4.19), 0.95
Ref

4.99 (0.21, 119.00), 0.32

6.31 (0.66, 60.63), 0.11

1.51 (0.47, 4.92), 0.49

1.74 (0.05, 56.86), 0.75
Ref

5.31 (0.62, 45.84), 0.13
Ref

0.89 (0.27, 3.03), 0.86
Ref

Ref
0.41 (0.03, 6.26), 0.52
0.58 (0.00, 78.49), 0.83

Ref
0.29 (0.06, 1.30), 0.10
0.54 (0.03, 9.76), 0.68

Ref
1.40 (0.55, 3.58), 0.48
0.67 (0.03, 14.81), 0.80

0.07 (0.00, 3.52), 0.18
Ref

1.85 (0.32, 10.75), 0.49
Ref

0.58 (0.17, 1.92), 0.37
Ref

0.54 (0.04, 8.16), 0.66
Ref

3.08 (0.44, 21.67), 0.26
Ref

1.28 (0.47, 3.46), 0.63
Ref

0.45 (0.04, 4.52), 0.49
Ref

1.34 (0.29, 6.25), 0.71
Ref

0.38 (0.13, 1.13), 0.08
Ref

2.64 (0.11, 65.75), 0.55
2.18 (0.33, 14.49), 0.42

1.89 (0.28, 12.83), 0.51
1.21 (0.18, 8.01), 0.84

1.04 (0.18, 6.20), 0.96
0.89 (0.28, 2.83), 0.85

Ref

Ref

Ref

0.28 (0.02, 3.42), 0.31
Ref

1.51 (0.37, 6.14), 0.56
Ref

1.03 (0.38, 2.77), 0.95
Ref
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Table 10 (continued)
Individual/ Interpersonal/
Environmental or Policy
factors at Wave 4

Transition in stages of change for e-cigarette cessation

G4 (C/P to PC)
OR (95% CI), p-value

G5 (C/P to C/P)
OR (95% CI), p-value

G6 (C/P to A)
OR (95% CI), p-value

Anti-tobacco advertisement
Saw anti-tobacco
advertising campaign
Never
0.36 (0.02, 7.78), 0.51
0.25 (0.01, 6.66), 0.40
0.55 (0.13, 2.29), 0.41
Rarely/sometimes
0.48 (0.06, 3.76), 0.48
3.32 (0.25, 44.74), 0.36
0.74 (0.24, 2.26), 0.59
Often
Ref
Ref
Ref
Health warnings
Noticed health warnings on
ENP packages
Never
2.33 (0.05, 102.10), 0.66
2.26 (0.13, 38.03), 0.57 2.73 (0.62, 12.11), 0.18
Rarely
0.52 (0.01, 34.80), 0.76 10.51 (0.39, 282.95), 0.16
1.21 (0.19, 7.96), 0.84
Sometimes/Often/Very
Ref
Ref
Ref
often
G4 (C/P at baseline and PC at follow up), G5 (C/P at both baseline and follow-up), and G6 (C/P at baseline and A at
follow-up), where PC – Pre-contemplation, C/P- Contemplation/Preparation, and A – Action stages of changes for
quitting e-cigarettes; CI: Confidence interval; ENP: Electronic Nicotine Products; Ref: Reference category OR:
Odds ratio; analysis was adjusted for gender, race, ethnicity, and other tobacco product use at Wave 4; p≤0.05
statistically significant

DISCUSSION
This is the first study to examine transitions across different stages of quitting e-cigarettes
and highlight its association with individual, interpersonal, and environmental/policy level
factors among US adolescents. Approximately 36% of adolescents in this study progressed from
pre-contemplation (PC) stage to action (A) stage (Group 3) and close to 26% from
contemplation/preparation (C/P) stage to action stage (Group 6) from W3 to W4. There were 9%
of adolescents who remained in the pre-contemplation stage at both W3 and W4 (Group 1); 12%
progressed from pre-contemplation to contemplation/preparation stage (Group 2); and almost 8%
regressed from contemplation/preparation to pre-contemplation stage (Group 4). Our results also
suggest that there are certain individual and/or interpersonal factors which are significantly more
likely to be associated with specific transitions across stages of quitting e-cigarettes.
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At the individual level, we found that adolescents were significantly less likely to progress
from PC to A stage (Group 3) if they considered nicotine in e-cigarettes to be not at all/slightly
harmful. On the other hand, if adolescents perceived the harmfulness of e-cigarettes to be same
as the traditional cigarettes, they were three and half times more likely to be in Group 3. Several
studies have reported that US adolescents generally underestimate the health and addiction risk
associated with e-cigarettes as compared to traditional cigarettes (Ambrose et al., 2014; Amrock
et al., 2015; Bernat et al., 2018; Gorukanti et al., 2017; McKelvey et al., 2018; Russell et al.,
2020). This is especially concerning because misperceptions regarding e-cigarettes may affect
adolescents’ ability to make good decisions for their health, which may in turn lead to continued
e-cigarette usage and discourage quitting behavior. Studies have shown that adolescents would
discontinue or quit using e-cigarettes due to health concerns or if they become aware of the
health risks associated with these products (Alexander et al., 2018; Amato et al., 2021; Kong et
al., 2015). In 2019, the outbreak of e-cigarette associated lung injury in the US led to an
increased interest in seeking information for quitting among e-cigarettes users (Leas et al., 2020;
Saminathan et al., 2019).
The US tobacco industry has a history of specifically targeting their products to adolescents
with unsupported health-related claims, and their apparent success in convincing adolescents that
e-cigarettes are a safer alternative is concerning for tobacco control advocates and public health
professionals (Amrock et al., 2015; Kong & Krishnan-Sarin, 2017). Therefore, understanding
this unique aspect of e-cigarettes is critical in designing school or community-based programs
for correcting adolescents’ health and addiction risk misperceptions regarding e-cigarettes and
encourage quitting among them (Grebenau, 2020). A text message-based intervention (“This is
quitting”) to help young adults quit e-cigarettes has shown promising results (Graham et al.,
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2020). Although there are other tools and resources available for preventing harms from ecigarettes (O’Connor et al., 2019), more research into their effectiveness is needed.
E-cigarette quitting behavior among adolescents may be directly or indirectly shaped by
the thoughts, feelings, and actions of their family members and other social interactions (Kong et
al., 2012; Tsoh et al., 2011). At the interpersonal level, we found that adolescents who reported
that important people in their life used e-cigarettes were significantly less likely to progress from
PC to A stage (Group 3) and close to seven times more likely to remain in the PC stages in both
W3 and W4 (Group 1). There is increasing evidence of continued e-cigarette use among
adolescents if their parents, family members, and friends use these products (Amin et al., 2020;
Anand et al., 2015; Barrington-Trimis et al., 2015; Drehmer et al., 2019; Fite et al., 2018; Pentz
et al., 2015). In the present study, adolescents who reported that someone else in their home
owned an e-cigarette were almost five times more likely to progress from PC to C/P stage
(Group 2). Although this finding indicates a positive change in intention to quit e-cigarettes,
continued use of such products by family members or relatives at home may defer adolescent’s
complete cessation behavior. Studies have also shown that parents underestimate the safety of ecigarettes and have low awareness about newly emerging e-cigarette products (Patel et al., 2019),
which makes them less likely to enforce e-cigarette free policies at home (Drehmer et al., 2019).
Thus, family influence, peer, and other important people interactions represent an important
avenue in e-cigarette cessation research, and prevention campaigns and health messages targeted
towards them has potential to be a useful strategy for addressing the e-cigarette epidemic among
adolescents (Alexander et al., 2018).
One of the striking findings in the present study was regarding the initiation of use of other
tobacco products at W4. Adolescents who started using other tobacco products at W4 were
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approximately 13 times more likely to regress from C/P to PC stage. There is evidence that adult
cigarette smokers are significantly less likely to stop using e-cigarettes as compared to adult noncigarette smokers (Pepper et al., 2014); however, a recent study has reported no significant
association between e-cigarette quit intention among adolescents who use combustible cigarettes
(Smith et al., 2020). We also found that adolescents who started using other tobacco products
were almost three times more likely to progress from PC to C/P stage (Group 2). Although this
finding indicates a positive shift in intention to quit e-cigarettes among adolescents from W3 to
W4, the initiation of the use of other tobacco products is of concern; as several studies have
shown that e-cigarettes act a gateway to other tobacco products or substance use among
adolescents (Barrington-Trimis et al., 2016; Dai et al., 2018; McCabe et al., 2018; Stanton et al.,
2019).
This study has some limitations. First, there is a potential risk of recall or reporting bias as
the data were self-reported. Second, while Stages of Change (SOC) of the Trans-theoretical
Model (TTM) is intuitive and simple (West, 2005), the model has been criticized for its
conceptual validity and practicality (Armitage, 2009; Brug, 2004; Littell & Girvin, 2002).
Despite this concern, there is a reasonable construct and predictive validity (prediction of making
a quit attempt) of the model (Hummel et al., 2018) and it has been utilized in some of the recent
studies (Kim et al., 2018; Leem et al., 2017). The SOC can differentiate e-cigarette users who are
considering cessation using a more proximal plan, thereby precisely assessing the readiness to
quit (DiClemente et al., 1991). Third, due to the small size in each transition groups, we had to
combine contemplation and preparation stages into a single category. The small sample size
issue in all transition groups might have led to the non-significant association between the some
of the independent and outcome variables. Fourth, the comparison group of the dependent
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variable represents participants from all other groups combined with stable, forward, or
backward transitions; this makes it difficult to understand how each transition pattern differs
from other specific transitions. Finally, due to unavailability of certain questions in PATH data,
skip patterns used for the survey questions, or lack of availability of common questions in both
W3 and W4 of the Youth and Adult data, we could not assess some of the other important
variables (e.g., nicotine dependence, use of nicotine replacement therapies, quit attempts, selfefficacy and other cognitive variables, and socio-economic status) that might affect transitions
across different stages of quitting. Future research should consider examining these variables and
use larger sample size to understand changes in e-cigarette quitting behavior among adolescents
over time.
CONCLUSION
The present study’s findings suggest that individual and interpersonal factors are critical in
encouraging US adolescents to transition across some of the stages of e-cigarette quitting. Future
interventions should correct adolescents’ misperceptions regarding e-cigarettes and develop
prevention campaigns targeting important people in adolescent’s life to assist them to progress
through different stages of quitting e-cigarettes.
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CHAPTER IV

Factors Associated with E-cigarette Quitting Behavior among Adolescents in the United
States: A Prospective Observational Study
Nikhil Ahuja, MDS1, Satish Kedia, PhD, MPH1, Lu Xie, PhD2, Yu Jiang, PhD2, Kenneth D.
Ward, PhD1, Latrice C. Pichon, PhD, MPH1, Patrick J. Dillon, PhD3, Xinhua Yu, PhD 2
Manuscript in preparation: “Addictive Behaviors” Journal
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INTRODUCTION
The use of electronic nicotine products (ENPs) or e-cigarettes has increased drastically
among adolescents in the United States (US) (Foxon & Selya, 2020; Jones & Salzman, 2020; US
Department of Health and Human Services, 2016). The prevalence of current (past 30-day) ecigarette use among the middle and high school students rose from 3.6 million in 2018 to 5.4
million in 2019 (Centers for Disease Control and Prevention, 2020c). Because e-cigarettes are
relatively new to the market, their long-term health effects are yet to be determined; however,
recent evidence suggests that e-cigarette vapor contains many of the known harmful toxins of
traditional cigarettes, which can have adverse pulmonary and cardiovascular effects (Centers for
Disease Control and Prevention, 2020b; Glantz & Bareham, 2018; Kong & Krishnan-Sarin,
2017). Furthermore, long-term exposure to e-cigarettes can increase adolescents’ susceptibility to
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nicotine addiction while potentially leading to reduced impulse control, deficits in attention and
cognition, and mood disorders (US Department of Health and Human Services, 2016).
The overall impact of e-cigarettes on public health is still debated among health
professionals and policy makers. Some studies have claimed e-cigarettes to be an effective harm
reduction or cessation option for cigarette smokers (Hajek, Phillips-Waller, Przulj, Pesola, Smith,
et al., 2019; Polosa et al., 2011). However, based on the findings from two recently conducted
meta-analyses, one has in fact reported reduced smoking cessation associated with e-cigarette
use (Kalkhoran & Glantz, 2016); while another meta-analyses has found no significant
association of e-cigarettes with increased smoking cessation among adults based on the data
from observational studies (n=55), but, in randomized controlled trials (n=9), adult smokers who
were provided e-cigarettes have reported more quitting compared to conventional therapy (R. J.
Wang et al., 2021). According to the US Preventive Services Task Force, there is currently
insufficient evidence to assess the balance of benefits and harms of e-cigarettes for tobacco
cessation in adults (US Preventive Services Task Force et al., 2021). Gee et al (2021) recently
suggested that e-cigarettes should be tightly regulated and discouraged because there is a concern
that the widespread availability of e-cigarettes will renormalize tobacco use behaviors, especially
among non-tobacco users, and adversely affect the anti-tobacco progress made by public health
professionals over the last few decades (Green et al., 2018; Kong & Krishnan-Sarin, 2017).
Quitting e-cigarettes will not only eliminate the adolescents’ exposure to nicotine and
harmful substances, but also prevent renormalization of tobacco product use (Grana et al., 2014).
To date, the current literature on e-cigarettes has focused more on its toxicology profile, harm
reduction potential, and its use as a smoking cessation aid (Rosen & Steinberg, 2020). There has
been limited attention given to assess quitting behavior among adolescents who exclusively use
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e-cigarettes. It is only recently that a few studies have examined interest in quitting or past quit
attempts among adolescent e-cigarette users. For instance, Smith et al (2020) reported that
approximately 45% of adolescents are seriously interested in quitting e-cigarettes, and close to
25% have tried to quit during the past year. A Truth Initiative survey found that 60% of 15- to
24-year-olds want to quit e-cigarettes as a part of their 2021 resolution (Truth Initiative, 2021).
As per our knowledge, our study is the first to evaluate factors that impact quitting behavior
among US adolescents.
There is evidence that adolescents underestimate the risks associated with e-cigarette use
by perceiving it to be less harmful and less addictive than traditional cigarettes (Ambrose et al.,
2014; Amrock et al., 2015; Barrington-Trimis et al., 2015; Gorukanti et al., 2017; Russell et al.,
2020) which may be a crucial factor in their decision to quit e-cigarettes. Youth/young adults
have reported loss of interest, change in perception of e-cigarette use as being “uncool,” and
potential negative health concerns as their top three reasons for discontinuing e-cigarette use
(Kong et al., 2015). Similarly, family responsibilities, the high cost of e-cigarettes, feeling
addicted, and negative impact of e-cigarettes on academic performance, mental health, and social
relationships have been identified as some of the main factors that have made young people quit
e-cigarettes (Amato et al., 2021; Vu et al., 2018).
Parents and family members are known to influence adolescent quit behaviors through their
own smoking behaviors, and the beliefs, attitude, and the norms that they perceive towards
smoking (Kong et al., 2012; Tsoh et al., 2011). Adolescents have reported that their parents
believe that e-cigarettes are safer to use than traditional tobacco products (Drehmer et al., 2019;
Fite et al., 2018), and they also receive implicit and explicit positive messages from them
regarding e-cigarette use (Alexander et al., 2018). In a recent study by Patel et al. (2019), only
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33% of parents reported that they were concerned about their child’s use of e-cigarettes,
demonstrating notable gaps in awareness about these newly emerging products. Studies have
also established significant association between adolescent e-cigarette use and the use of ecigarettes by their peers, parents, siblings, or other family members (Barrington-Trimis et al.,
2015; Drehmer et al., 2019; Fite et al., 2018; Pentz et al., 2015). A recent systematic review
reported a significant role of social norms and e-cigarette advertisements in the uptake and use of
e-cigarettes; both of which also have the potential to influence the quitting behavior among
adolescents (Amin et al., 2020). Similarly, e-cigarette health warnings have been found to be
effective to reduce college students intention to use e-cigarettes by increasing their perceived risk
about e-cigarette use (Lee et al., 2018). Also, studies among adults have shown that health
warnings significantly increase the conversations about e-cigarette harms and quitting behavior,
and their intention to quit e-cigarettes (Brewer et al., 2019; Mendel et al., 2018)
Quitting e-cigarettes is a complex and multi-faceted public health issue. In order to
develop and implement effective e-cigarette cessation interventions or programs, policy makers
must understand individual, interpersonal, and environmental/policy level factors that may
influence quitting behavior among adolescents. The Socio-Ecological Model has been
extensively applied to various studies of health behavior, including tobacco cessation, to guide
the development of comprehensive intervention approaches (Glanz et al., 2015; McLeroy et al.,
1988). This study uses the Socio-Ecological Model as the theoretical framework to examine the
influence of individual, interpersonal, and environmental/policy factors among US adolescents
who quit e-cigarettes (quitters) vs. those who did not quit (non-quitters) from Wave 3 to Wave 4
of the Population Assessment of Tobacco and Health (PATH) survey. In addition, this study also
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uses structural equation modeling to test whether latent constructs of individual and interpersonal
factors were associated with e-cigarette quitting behavior among US adolescents.
METHODS
Data source and study participants
The PATH study, which is a collaboration between National Institutes of Health (NIH) and
the Food and Drug Administration FDA, is an ongoing, nationally representative longitudinal
cohort study of tobacco use among youth (12-17 years) and adults (≥18 years) in the US. The
study was approved by the Westat Institutional Review Board. For our study purposes, we used
the Youth data from Wave 3 (n=11, 814) and Wave 4 (n=14,798) of the PATH survey public use
files. In addition, we also used Adult data from Wave 4 (n=33, 822) in order to incorporate “aged
up adults” from Wave 3 youth data. Given that the PATH data is publicly available, the present
study was exempted by the IRB at the University of Memphis (see Appendix B). This was a
prospective observational study, specifically focused on adolescents (12-17 years) who reported
exclusive use of e-cigarettes in the past 30 days at Wave 3 (n=243), who were then followed up
for approximately 12 to 13 months (includes those still aged <18 years, and those who had
become adults (age ≥18 years; “aged-up adults”) at Wave 4.
Measures
Current e-cigarette use: We used dichotomous variables to assess past 30-day use of e-cigarettes
and various other types of tobacco products (cigarettes, traditional cigars, cigarillos, filtered
cigars, pipe tobacco, hookah, smokeless tobacco, snus; Yes, No) using PATH public use data
files (Youth Wave 3 and 4, and Adult Wave 4). These are referred to as the “derived variables”,
which were generated according to algorithms of responses to relevant survey questions. At
Wave 3, we identified current exclusive e-cigarette user as those who used only e-cigarettes and
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did not use any other tobacco products in the past 30-days. At Wave 4, we again measured
current e-cigarette use in the past 30-days among adolescents, including those adolescents who
had become adults age ≥18 years; “aged-up adults” at Wave 4. In addition, at Wave 4, we also
measured the current (past 30-day) use of “other tobacco products” and included this variable as
one of our confounder factors in the analysis plan.
Dependent variable
E-cigarette quitting: In this study, quitting was defined as being a current user of e-cigarette in
Wave 3 and a current nonuser in Wave 4. In other words, respondents who self-reported
themselves as a current e-cigarette user at Wave 3, and a current nonuser at Wave 4 were
categorized as “quitters,” whereas those respondents who self-reported themselves to be a
current user of e-cigarette at both Wave 3 and Wave 4 were categorized as “non-quitters.”
Independent variables: Individual factors
Harm perception: Three items assessed respondents’ harm perception about ENPs at Wave 4:
the first item asked the respondents “How much do you think people harm themselves when they
use e-cigarettes or other ENPs/on some days but not every day?” Four-response categories for
this item included no harm, a little harm, some harm, a lot of harm. We combined the responses
into three categories (i.e., “no harm”, “a little/some harm”, and “a lot of harm”). The second item
asked the respondents “How harmful do you think the nicotine in e-cigarettes or other electronic
nicotine products is to health?” Five-response categories for this item included not at all harmful,
slightly harmful, somewhat harmful, very harmful, and extremely harmful. We combined the
responses into three categories (i.e., “not at all harmful”, “slightly/somewhat harm”, and
“very/extremely harmful”). The third item asked the respondents “Do you think using ecigarettes or other electronic nicotine products is less harmful, about the same, or more harmful
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than smoking cigarettes?” Response categories for this item were less harmful, about the same,
and more harmful.
Independent variables: Interpersonal factors
E-cigarette use at home/ by significant other: Two items assessed the use of ENPs at home/by
significant other at Wave 4: (1) “Not including yourself, does anyone living in your home own
an e-cigarette or other electronic nicotine product or does anyone who lives with you now use ecigarettes?” (2) “Thinking about the people who are important to you, do any of them use ecigarettes or other ENPs?” Response categories for both these items were “Yes” and “No.”
Independent variables: Environmental/Policy factors
Social norms: Two items were used to assess the social norms regarding ENPs at Wave 4: the
first item asked the respondents, “In general, do you think most people disapprove of using ecigarettes or other ENPs?” the four-response categories were definitely yes, probably yes,
probably not, and definitely not. The responses were coded into two categories (i.e., “Yes” and
“No”). The second item asked the respondents, “Thinking about the people who are important to
you, how would you describe their views on using e-cigarettes or other ENPs?” Response
categories for this item were very positive, positive, neither positive nor negative, negative, and
very negative. We recoded the responses into three categories (i.e., “positive”, “neither positive
nor negative”, and “negative”).
E-cigarette marketing, advertisement, and promotions: We assessed the respondent’s exposure
to ENPs marketing, advertisement, and promotions at Wave 4 using three items: (1) “In the past
12 months, have you received discounts or coupons for e-cigarettes or other ENPs (including eliquid)?”, (2)” In the past 30 days, have you gotten a free sample of an e-cigarette or other ENPs
(including e-liquid)?” Response categories for first and second questions were yes and no. In the
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third question, respondents were asked, “In the past 30 days, have you noticed e-cigarettes or
other ENPs being advertised in any of the following places?” Respondents were asked to choose
any of the following applicable responses: “I haven't seen any advertisements in the past 30 days,
at gas stations, convenience stores, or other areas”. If the respondents answered that they haven't
seen any advertisements in the past 30 days, we categorized them as “No”, and if the respondents
marked any of the other categories, we categorized them as “Yes.”
Anti-tobacco advertisement: We used a single item to assess respondents’ exposure to antitobacco advertising campaign at Wave 4: “In the past 12 months, how often did you see an antitobacco advertising campaign?” Response categories included never, rarely, sometimes, and
often. The responses were combined into three categories (i.e., “never”, “rarely/sometimes, and
“often”).
E-cigarette health warning: A single item was used to assess the respondent’s exposure to ENPs
health warnings: “In the past 30 days, how often, if at all, have you noticed the health warnings
on packages of e cigarettes, e-liquid or other ENPs? Response categories were never, rarely,
sometimes, often, and very often. We combined the responses into three categories (i.e., “never,”
“rarely/sometimes,” and “often/very often”).
Socio-demographic variables
We included age (12–14 years, 15–17 years), race (White, Black, Other), ethnicity (Hispanic,
non-Hispanic), gender (Male, Female) and U.S. census regions (Northeast, Midwest, South,
West) as the socio-demographic variables.
Statistical analyses:
The replicate weights generated by the PATH study database was used to account for
complex study design features such as over sampling and non-response, and to generate
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nationally representative estimates (Hyland et al., 2017). For continuing youth, wave 4 sampling
weights in youth data were used; for aged-up adults, wave 4 sampling weights in adult data were
used. We calculated our estimates with the balanced repeated replication method using the Fay’s
adjustment value of 0.3 (Hyland et al., 2017; Judkins, 1990; McCarthy, 1969).
Descriptive statistics included unweighted frequencies, weighted percentages and 95%
confidence interval for categorical variables. The 95% confidence interval (95%CI) for
proportions was calculated using the Wilson method (Coleman et al., 2018; Dai et al., 2018).
We assessed the quitting behavior among adolescent e-cigarette users at Wave 4 based on the
quitting criteria as described in the measures section. The outcome variable in this study was the
e-cigarette quitting behavior (yes, no) and the independent variables were individual,
interpersonal, and environmental/ policy level factors at Wave 4. We then performed weighted
unadjusted and adjusted multivariate logistic regression analysis to examine the associations
between the independent and outcome variables. Unadjusted and adjusted odds ratios, and
95%CI were calculated; and age, gender, race, ethnicity, U.S census regions, and use of other
tobacco products at Wave 4 were considered as the confounders in the adjusted regression
analysis. Finally, structural equation modelling (SEM) was employed to analyze the effect of
individual, interpersonal, and environmental/ policy level factors as latent variables on ecigarette quitting behavior. We adjusted for complex study design features and used bootstrap
estimator to conduct this analysis. In order to find the most parsimonious model, we deleted the
environmental/ policy level factors, based on the regression coefficient values. After
modification, the SEM model that had the largest comparative fit index (CFI) and the smallest
root mean square error of approximation (RMSEA) was selected. The final SEM model had an
CFI value of 0.954 and RMSEA value of 0.066 with 95% CI (0.000, 0.118). SEM was conducted
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using M-plus 7.4 (Muthen & Muthen, 2012), whereas for all other statistical analysis SAS 9.4
(SAS Institute, Inc, Cary, NC) was used. The level of significance was kept at p≤0.05.
RESULTS
Of 243 adolescent e-cigarettes at Wave 3, 217 were followed up with at Wave 4 (89.0%
retention rate); of which 52.3% had quit using e-cigarettes (quitters) and 47.7% were nonquitters. There were slightly greater proportion of males who were non-quitters (56% vs. 52.4%).
The 15–17-year-old adolescents were mostly quitters (66.1% vs. 53.2%), whereas aged-up adults
were mostly non-quitters (44.0% vs. 23.0%). Majority of adolescents in both the quitters and
non-quitters group were Whites (74.0% and 81.3%) and Non-Hispanics (76.1% and 81.8%);
however, slightly greater proportion of blacks were seen in the quitters group than non-quitters
group (13.0% vs. 6.1%). Most adolescents from the Southern region of the US were quitters
(39.7%), whereas least proportion of non-quitters were from the Northeastern region (15.5%).
Approximately 30% of e-cigarette quitters, and 50% of non-quitters started using other tobacco
products at Wave 4 (See Table 11).
Compared to non-quitters, a smaller proportion of quitters perceived that people harm
themselves a little/some from e-cigarettes (63.7% vs 74.3%); nicotine in e-cigarettes is
slightly/somewhat harmful (50.6% vs. 67.7%); and e-cigarettes were less harmful compared to
cigarettes (47.4% vs 57.4%). Similarly, a smaller proportion of quitters than non-quitters
reported that someone else in their home owned an e-cigarette (18.0% vs. 32.7%) and that
important people in their life used e-cigarettes (22.5% vs. 35.9%) (See Table 12).
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Table 11. Descriptive characteristics among US adolescent e-cigarette users who quit (quitters) vs
who did not quit (non-quitters) from Wave 3 to Wave 4 of the PATH study (n=217)
Descriptive
Characteristics

Total
(n=217)
Weighted %
(95% CI)

Quitters at
Wave 4
(n=113, 52.3%)
Weighted %
(95% CI)

Non-quitters at
Wave 4
(n=104, 47.7%)
Weighted %
(95% CI)

Age groups (in years)
12-14
7.0 (4.3, 11.3)
10.9 (6.4, 18.0)
2.8 (1.0, 8.1)
15-17
60.0 (53.3, 66.3)
66.1 (55.7, 75.3)
53.2 (43.7, 62.5)
Aged up adults (≥18 years)
33.0 (26.9, 39.6)
23.0 (15.2, 33.1)
44.0 (34.8, 53.5)
Gender
Male
54.1 (47.2, 60.8)
52.4 (42.7, 61.9)
56.0 (46.3, 65.2)
Female
45.9 (39.2, 52.8)
47.6 (38.1, 57.3)
44.0 (34.8, 53.7)
Race a
White
77.5 (69.6, 83.9)
74.0 (64.1, 81.9)
81.3 (72.4, 87.8)
Black
9.6 (5.6, 16.1)
13.0 (7.2, 22.3)
6.1 (2.8, 12.5)
Other
12.9 (8.8, 18.4)
13.0 (7.9, 20.7)
12.6 (7.5, 20.5)
Ethnicity
Hispanic
21.1 (15.8, 27.5)
23.9 (16.1, 33.9)
18.2 (11.8, 26.9)
Non-Hispanic
78.9 (72.5, 84.2)
76.1 (66.1, 83.9)
81.8 (73.1, 88.2)
U.S. Census Region
Northeast
17.5 (12.0, 24.9)
19.4 (12.3, 29.3)
15.5 (8.4, 26.7)
Midwest
25.9 (19.7, 33.2)
22.6 (15.8, 31.1)
29.5 (20.5, 40.2)
South
33.7 (26.6, 41.7)
39.7 (30.8, 49.3)
27.3 (18.1, 38.8)
West
22.9 (17.5, 29.3)
18.3 (11.9, 27.3)
27.7 (20.0, 37.0)
Other tobacco product use at Wave 4
Yes
39.1 (32.8, 45.7)
29.6 (22.0, 38.6)
49.6 (38.4, 60.8)
No
60.9 (54.3, 67.2)
70.4 (61.4, 78.0)
50.4 (39.2, 61.6)
CI: Confidence interval
Percentage (%) estimates calculated using sample weights, frequencies (n) based on unweighted data.
a
“Other” includes persons belonging to racial groups other than White or Black.

A greater proportion of quitters than non-quitters said that there was a “negative” view
from important people about using e-cigarettes (58.8% vs. 46.3%). A slightly greater proportion
of quitters than non-quitters saw e-cigarette advertisements in the past 30 days (50.6% vs.
47.1%). Surprisingly, compared to non-quitters, there were greater proportions of quitters who
said that they never saw the anti-tobacco advertisement (33.9% vs. 28.2%) and e-cigarette health
warnings (69.9% vs. 59.9%) (See Table 12).
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Table 12. Individual, interpersonal, and environmental/policy level factors among US adolescent ecigarette users who quit using ENP (quitters) vs those who did not quit (non-quitters) from Wave 3
to Wave 4 of the PATH study (n=217)
Individual/Interpersonal/Environmental
or Policy factors at Wave 4

Harm perception
People harm themselves when they use
ENP
No harm
Little/some harm
A lot of harm
Harmfulness of nicotine in ENP
Not at all harmful
Slightly/somewhat harmful
Very/extremely harmful
Harmfulness of ENP as compared to
cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by important
people
Someone else in home owns an ENP
Yes
No
Use of ENP by important people
Yes
No
Social norms
Most people disapprove of ENP
Yes
No
Important people’s view on using ENP
Positive
Neither positive nor negative
Negative
ENP Marketing, Advertisement &
promotion
Received discounts or coupons of ENP in
the past 12 months
Yes
No
Received free sample of ENP in the past
30 days
Yes
No
Noticed ENP advertisements in the past 30
days
Yes
No

Total
(n=217)
Weighted %
(95% CI)

Quitters at
Wave 4
(n=113, 52.3%)
Weighted %
(95% CI)

Non-quitters at
Wave 4
(n=104, 47.7%)
Weighted %
(95% CI)

8.9 (5.4, 14.3)
68.8 (60.7, 75.9)
22.3 (16.3, 29.8)

6.7 (2.9, 14.7)
63.7 (53.0, 73.3)
29.6 (21.2, 39.6)

11.3 (6.5, 18.8)
74.3 (64.0, 82.5)
14.4 (7.9, 24.8)

7.4 (3.9, 13.6)
58.7 (50.7, 66.3)
33.9 (27.0, 41.7)

5.4 (1.6, 16.7)
50.6 (40.2, 61.0)
44.0 (34.5, 53.9)

9.5 (4.9, 17.7)
67.7 (57.0, 76.9)
22.8 (14.6, 33.7)

52.2 (44.9, 59.4)
39.1 (32.8, 45.7)
8.7 (5.3, 14.0)

47.4 (38.4, 56.6)
44.7 (35.8, 53.9)
7.9 (4.1, 14.6)

57.4 (46.8, 67.3)
33.0 (24.7, 42.5)
9.6 (4.5, 19.5)

25.1 (19.8, 31.3)
74.9 (68.7, 80.2)

18.0 (12.0, 26.2)
82.0 (73.8, 88.0)

32.7 (24.5, 42.3)
67.2 (57.7, 75.5)

28.9 (22.0, 36.9)
71.1 (63.1, 78.0)

22.5 (15.8, 31.1)
77.5 (68.9, 84.2)

35.9 (24.5, 49.2)
64.1 (50.8, 75.5)

38.3 (31.9, 45.1)
61.7 (54.9, 68.1)

38.7 (29.2, 49.2)
61.3 (50.8, 70.8)

37.8 (28.8, 47.7)
62.2 (52.3, 71.2)

14.2 (9.6, 20.4)
33.0 (26.4, 40.5)
52.8 (45.2, 60.3)

10.4 (5.8, 18.0)
30.8 (21.6, 41.9)
58.8 (48.3, 68.5)

18.3 (10.7, 29.4)
35.4 (26.1, 46.1)
46.3 (35.2, 57.8)

4.8 (2.7, 8.6)
95.2 (91.4, 97.3)

6.2 (2.9, 12.5)
93.8 (87.5, 97.1)

3.4 (1.3, 8.9)
96.6 (91.1, 98.7)

4.6 (2.5, 8.4)
95.4 (91.6, 97.5)

3.5 (1.2, 10.2)
96.5 (89.8, 98.8)

5.8 (2.7, 12.1)
94.2 (87.9, 97.3)

48.9 (42.1, 55.7)
51.1 (44.3, 57.9)

50.6 (41.5, 59.7)
49.4 (40.3, 58.5)

47.1 (36.4, 58.0)
52.9 (42.0, 63.6)
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Table 12 (continued)
Individual/Interpersonal/Environmental
or Policy factors at Wave 4

Total
(n=217)
Weighted %
(95% CI)

Quitters at
Wave 4
(n=113, 52.3%)
Weighted %
(95% CI)

Non-quitters at
Wave 4
(n=104, 47.7%)
Weighted %
(95% CI)

Anti-tobacco advertisement
Saw anti-tobacco advertising campaign
Never
31.2 (24.4, 38.8)
33.9 (24.5, 44.8)
28.2 (20.5, 37.5)
Rarely/sometimes
42.6 (34.8, 50.9)
38.0 (28.3, 48.8)
47.7 (37.3, 58.3)
Often
26.2 (20.2, 33.2)
28.1 (20.6, 37.0)
24.1 (16.5, 33.8)
Health warnings
Noticed health warnings on ENP packages
Never
65.1 (58.5, 71.4)
69.9 (60.9, 77.6)
59.9 (49.8, 69.1)
Rarely/sometimes
23.3 (18.2, 29.5)
22.0 (15.3, 30.5)
24.8 (17.3, 34.3)
Often/very often
11.6 (7.9, 16.5)
8.1 (4.2, 15.0)
15.3 (9.4, 24.0)
CI: Confidence interval; ENP: Electronic Nicotine Products
Percentage (%) estimates calculated using sample weights, numbers (n) based on unweighted data.

At the individual level, compared to aged-up adults, 12–14-year-old (Unadjusted OR =
7.33 [95% CI: 2.09- 25.68], p=0.002) and 15-17-year-old (Unadjusted OR = 2.38 [95% CI: 1.154.90], p=0.01) adolescents were significantly more likely to be quitters than non-quitters.
Adolescents from the Southern region of the US were 2.2 times more likely to be quitters than
non-quitters as compared to the Western region (Unadjusted OR = 2.20 [95% CI: 1.05- 4.58],
p=0.03). Those adolescents who started using other tobacco products at Wave 4 were
significantly less likely to be e-cigarette quitters than non-quitters (Unadjusted OR = 0.43 [95%
CI: 0.22- 0.84], p=0.01). Adolescents who perceived that people harm themselves “a little/some”
from e-cigarettes relative to “a lot of harm” (Unadjusted OR = 0.42 [95% CI: 0.19- 0.94],
p=0.03); and nicotine in e-cigarettes were “slightly/somewhat harmful” to health relative to
“very/extremely harmful” (Unadjusted OR = 0.39 [95% CI: 0.20- 0.76], p=0.006; aOR = 0.38
[95% CI: 0.16- 0.90], p=0.02) were significantly less likely to be quitters than non-quitters (See
Table 13).
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Table 13. Weighted multivariate logistic regression analysis examining association of individual,
interpersonal, and environmental/policy factors among US adolescent users who quit using ENP
(quitters) vs those who did not quit (non-quitters) from Wave 3 to Wave 4 of the PATH study
Socio-demographics
/Individual/Interpersonal/Environmental
or Policy factors

Socio-demographics
Age groups (in years)
12-14
15-17
Aged up adults (≥18 years)
Gender
Male
Female
Race a
White
Black
Other
Ethnicity
Hispanic
Non-Hispanic
U.S. Census Region
Northeast
Midwest
South
West
Other tobacco product use
Yes
No
Harm perception
People harm themselves when they use
ENP
No harm
Little/some harm
A lot of harm
Harmfulness of nicotine in ENP
Not at all harmful
Slightly/somewhat harmful
Very/extremely harmful
Harmfulness of ENP as compared to
cigarettes
Less harmful
About the same
More harmful
E-cigarette use at home/ by important
people
Someone else in home owns ENP
Yes
No

Quitters vs. Non-quitters at Wave 4
b

Unadjusted
OR (95%CI)

p value

Adjusted
OR (95%CI)

p value

7.33 (2.09, 25.68)
2.38 (1.15, 4.90)
Referent

0.002
0.01

-

-

0.86 (0.49, 1.53)
Referent

0.61

-

-

-

-

Referent
2.35 (0.94, 5.88)
1.13 (0.55, 2.34)

0.06
0.73

1.41 (0.67, 2.99)
Referent

0.36

-

-

1.89 (0.69, 5.21)
1.16 (0.59, 2.28)
2.20 (1.05, 4.58)
Referent

0.21
0.67
0.03

-

-

0.43 (0.22, 0.84)
Referent

0.01

-

-

0.29 (0.08, 1.07)
0.42 (0.19, 0.94)
Referent

0.06
0.03

0.22 (0.04, 1.15)
0.49 (0.18, 1.29)
Referent

0.07
0.14

0.30 (0.05, 1.88)
0.39 (0.20, 0.76)
Referent

0.19
0.006

0.21 (0.03, 1.53)
0.38 (0.16, 0.90)
Referent

0.12
0.02

Referent
1.64 (1.00, 2.68)
0.99 (0.28, 3.54)

0.45 (0.26, 0.77)
Referent
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0.04
0.99

0.004

Referent
1.85 (0.94, 3.64)
0.68 (0.14, 3.36)

0.43 (0.19, 0.94)
Referent

0.07
0.63

0.03

Table 13 (continued)
Socio-demographics
/Individual/Interpersonal/Environmental
or Policy factors

Quitters vs. Non-quitters at Wave 4

Unadjusted
OR (95%CI)

p value

b

Adjusted
OR (95%CI)

p value

Use of ENP by important people
Yes
0.52 (0.28, 0.97)
0.04
0.45 (0.21, 0.95)
0.03
No
Referent
Referent
Social norms
People disapprove use of ENPs
Yes
1.04 (0.55, 1.98)
0.90
0.98 (0.47, 2.04)
0.95
No
Referent
Referent
Important people’s view on using ENPs
Positive
0.45 (0.16, 1.25)
0.12
0.41 (0.13, 1.32)
0.13
Neither positive nor negative
0.69 (0.33, 1.42)
0.30
0.59 (0.26, 1.31)
0.18
Negative
Referent
Referent
ENP Marketing, Advertisement &
promotion
Received discounts or coupons of ENP in
the past 12 months
Yes
1.85 (0.39, 8.71)
0.43
1.98 (0.37, 10.54)
0.42
No
Referent
Referent
Received free sample of ENP in the past 30
days
Yes
0.60 (0.10, 3.42)
0.55
0.48 (0.05, 5.16)
0.54
No
Referent
Referent
Noticed ENP advertisements in the past 30
days
Yes
1.15 (0.66, 2.00)
0.61
0.93 (0.49, 1.74)
0.80
No
Referent
Referent
Anti-tobacco advertisement
Saw anti-tobacco advertising campaign
Never
Referent
Referent
Rarely/sometimes
0.66 (0.35, 1.25)
0.20
0.85 (0.39, 1.86)
0.67
Often
0.97 (0.51, 1.85)
0.92
1.07 (0.46, 2.52)
0.87
Health warnings
Noticed health warnings on ENP packages
Never
Referent
Referent
Rarely/sometimes
0.76 (0.39, 1.49)
0.41
0.55 (0.25, 1.22)
0.13
Often/very often
0.45 (0.16, 1.27)
0.13
0.51 (0.14, 1.79)
0.28
CI: Confidence interval; ENP: Electronic Nicotine Products
a
“Other” includes persons belonging to racial groups other than White or Black.
b
Adjusted odds ratio (aOR) and 95% confidence intervals (CI) from weighted multivariate logistic regression
analysis adjusted for age groups, gender, race/ethnicity, U.S. census regions, and other tobacco product use at Wave
4; p≤0.05 statistically significant
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Compared to adolescents who considered e-cigarettes to be “less harmful” than cigarettes,
those who considered its harmfulness to be “about the same” were 1.6 times more likely to be
quitters than non-quitters (Unadjusted OR = 1.64 [95% CI: 1.00- 2.68], p=0.04). At the
interpersonal level, adolescents who reported that someone else in their home owns an ecigarette were significantly less likely to be quitters than non-quitters as compared to those
adolescents who denied that someone else in their home owned an e-cigarette (Unadjusted OR =
0.45 [95% CI: 0.26- 0.77], p=0.004; aOR = 0.43 [95% CI: 0.19- 0.94], p=0.03). Similarly,
compared to adolescents who denied about the use of cigarettes by important people in their life,
those who reported that important people used e-cigarettes were significantly less likely to be
quitters than non-quitters (Unadjusted OR = 0.52 [95% CI: 0.28- 0.97], p=0.04; aOR = 0.45
[95% CI: 0.21- 0.95], p=0.03). No significant association was seen between
environmental/policy level factors and e-cigarette quitting behavior (See Table 13).
In the final SEM model, two latent constructs (individual and interpersonal factors) were
specified; the individual factor, which consisted of three observed variables had loadings ranging
from 0.650 to 0.809, and interpersonal factor, which consisted of two observed variables had
loadings ranging from 0.490 to 0.962. The factor loadings for the two latent constructs were
significant (p ≤ 0.001), and both the constructs were significantly inter-correlated (standardized
regression coefficient (b) = 0.344, p ≤ 0.001). The SEM findings showed that individual (b
=0.206, p = 0.02) and interpersonal factors (b = 0.170, p = 0.04) had direct significant positive
effects on e-cigarette quitting behavior (See Figure 1).
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Figure 1. SEM model of the individual factors, interpersonal factors, and e-cigarette quitting
behavior; ENP, electronic nicotine products, CFI, Comparative Fit index, Standardized coefficients
are displayed

DISCUSSION
This prospective observational study used a nationally representative sample to examine
the associations of various socio-ecological factors with e-cigarette quitting behavior among US
adolescents. In this study, approximately 52% of adolescents quit using e-cigarettes (quitters)
and 48% did not quit (non-quitters) from Wave 3 to Wave 4. The results suggest that
adolescents’ e-cigarette harm perception and use of e-cigarettes by someone else at home/by a
significant other are some of the important factors which play a significant role in e-cigarette
quitting behavior among US adolescents.
We found that 12 to 14- and 15 to 17-year-old adolescents were almost seven times and
two times more likely to be e-cigarette quitters as compared to the aged-up adults. Recently,
Smith et al. (2020) reported significantly greater past-year quit attempts among 12 to 14-year-old
adolescents than 15 to 17-year-olds (33.8% and 23.4%). There have been mixed findings about
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e-cigarette quitting behavior among US adults –– with some studies indicating lack of or low
intention to quit e-cigarettes (Etter, 2019; Harrell et al., 2015; Skerry et al., 2018) and others
reporting positive intention to quit or quit attempts for e-cigarettes (Garey et al., 2019; Rosen &
Steinberg, 2020; Wong et al., 2016). We also found that adolescents from the Southern region of
US were two times more likely to quit e-cigarettes than those from the Western region. However,
no significant difference between U.S.census regions and stopping of e-cigarette use has been
found among US adults (Pepper et al., 2014). One of the striking findings in the current study
was that adolescents were less likely to quit e-cigarettes if they started using other tobacco
products at Wave 4. Although no significant difference has been reported in the intention to quit
e-cigarettes and past-year quit attempts among adolescents who use combustible cigarettes
(Smith et al., 2020), evidence suggest that adults who smoke cigarettes are significantly less
likely to stop using e-cigarettes as compared to adults who do not smoke cigarettes (Pepper et al.,
2014).
Several studies have shown that adolescents harbor misperceptions about the harmfulness
and addictiveness of e-cigarettes relative to traditional cigarettes or lack knowledge about some
of the newer devices of e-cigarettes, which leads to their increased use of these products
(Ambrose et al., 2014; Amrock et al., 2015; Bernat et al., 2018; Gorukanti et al., 2017;
McKelvey et al., 2018; Russell et al., 2020). In the current study, adolescents were significantly
less likely to quit e-cigarettes if they perceived that people harm themselves “a little/some” from
e-cigarettes and nicotine in e-cigarettes were “slightly/somewhat harmful” to health. Similarly,
there was an increased likelihood to quit if adolescents considered e-cigarettes to be as harmful
as traditional cigarettes. These findings are in line with a few other studies in which “health
concern” was reported as one of the motivating factors for adolescents to discontinue or quit e84

cigarettes (Amato et al., 2021; Kong et al., 2015). Youths have also indicated that they would
stop using e-cigarettes if they became aware of the negative health effects (Alexander et al.,
2018). The rapid innovation by e-cigarette manufacturers and apparent success of the tobacco
industry in convincing youth that e-cigarettes are a safer alternative to traditional cigarettes is
concerning for scientists, clinicians, and public health professionals (Amrock et al., 2015). Even
though debate continues about the potential role of e-cigarettes in smoking cessation and how it
can impact the health of young people, recent evidence suggests that e-cigarettes represent more
population level harm than benefits and has become a public health threat (Gee et al., 2021;
Soneji et al., 2018; R. J. Wang et al., 2021). School- and community-based interventions and
policies are urgently needed to increase knowledge and decrease misperceptions regarding all
current and emerging e-cigarette products among adolescents, with the goal to discourage
initiation among never users, and encourage quitting among current users (O’Connor et al.,
2019).
In the present study, adolescents were less likely to quit e-cigarettes if they reported
someone else in their home owned an e-cigarette or the use of e-cigarettes by important people in
their life. Although no studies have explicitly compared the association of family influence or
other social factors and e-cigarette quitting behavior among adolescents, several studies have
found increase in the experimentation, uptake and use of e-cigarettes among adolescents whose
parents/family members or friends use these products (Amin et al., 2020; Anand et al., 2015;
Barrington-Trimis et al., 2015; Drehmer et al., 2019; Fite et al., 2018; Pentz et al., 2015).
Alexander et al. (2018) reported that youth often do not have their own e-cigarette device,
leaving them to initiate or continue e-cigarette use after obtaining device from their friend or a
family member. Furthermore, low awareness, and positive attitude and norms of parents towards
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e-cigarettes (Drehmer et al., 2019; Patel et al., 2019) also influences adolescent e-cigarette use
behavior (Fite et al., 2018). These findings indicate that parents and family members/closed ones
are important target audiences for e-cigarette prevention campaigns and health messaging
(Alexander et al., 2018), given that their own behavior and acceptance may influence e-cigarette
quitting among adolescents.
The results of the structural equation modeling in the present study identified significant
direct relationships between individual and interpersonal factors and e-cigarette quitting behavior
among adolescents; it also revealed a noteworthy relationship between these latent factors and
confirms that both individual and interpersonal factors are important determinants of adolescent
e-cigarette cessation. Thus, policy makers, planners, and health education and promotion
professionals need to focus on both individual and interpersonal factors to encourage e-cigarette
cessation among US adolescents. Recently, a text message program has shown promising results
in encouraging e-cigarette users to quit (Graham et al., 2020). It is critical that educational
interventions take place in all three environments of home, school, and community to prevent ecigarette use among adolescents. Developing and implementing programs to increase the
awareness among parents, teachers, and other school officials that their e-cigarette use behavior
may affect the adolescents’ e-cigarette behavior is necessary (Yarmohammadi et al., 2020).
Furthermore, healthcare professionals in their clinics can motivate e-cigarette users to quit and
help reduce the burden of e-cigarette use among young population through routine screening and
assessment, and use of evidence-based behavioral counseling and pharmacotherapies (Hadland
& Chadi, 2020).
Despite the strength of its findings, this study also has a few limitations. The use of
prospective observational design limits the inference of a causal relationship between various
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socio-ecological factors and e-cigarette quitting behavior. Using the self-report data may
potentially increase the risk of recall or reporting bias. Nevertheless, use of such data in
nationally representative surveys is unavoidable. This study also had a small sample size, which
might have led to the non-significant association between the some of the independent and
outcome variables. In addition, we could not objectively confirm whether adolescents did indeed
quit because we had to rely on the past 30-day e-cigarette use criteria from Wave 3 and Wave 4;
respondents did not directly report whether they intentionally quit using e-cigarettes and it is
possible they were not using these products at Wave 4 for other reasons, such as being ill or
lacking access. Due to the limitations related to PATH study data such as the skip patterns used
for the survey questions, we could not assess some important variables like nicotine dependence
and use of nicotine replacement therapies that might play an important role in e-cigarette
cessation. Future research should therefore consider using these variables along with some other
important variables like socio-economic status to understand e-cigarette quitting behavior among
adolescents.
CONCLUSION
Our findings suggest that individual (harm perception) and interpersonal (e-cigarette use at
home/important people) factors play a significant role in e-cigarette quitting behavior among US
adolescents. Given the increase in e-cigarette use among this high-risk group, there is an urgent
and critical need to develop and implement e-cigarette cessation interventions. It is important to
correct e-cigarette related misperceptions among adolescents and encourage their family
members/closed ones to stop their own e-cigarette use. Public health education campaigns and
interventions should focus on involving both adolescents and their family members/closed ones
in encouraging adolescent e-cigarette users to quit using these products.
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CHAPTER V

DISCUSSION AND CONCLUSION

The present study provides valuable insights on e-cigarette quit intentions and behavior
amid the rising use of e-cigarettes among adolescents in the United States. This is the first study
to use a nationally representative, population-based sample of US adolescents to examine various
factors that are associated with e-cigarette quit intentions and behavior. Our results suggest that
there are specific individual (nicotine dependence and harm perception), interpersonal (influence
of family, friends, and other important people), and environmental/policy level factors (ecigarette accessibility, anti-tobacco advertisements, and e-cigarette health warnings) significantly
associated with US adolescents’ quit intentions and/or behavior. These findings will be useful for
policy makers to develop and implement a multi-level intervention strategy to encourage
adolescent users to positively navigate various stages of change for intention to quit e-cigarettes
and eventually help them to quit using these products.
Individual level factors
Nicotine Dependence
At the individual level, preventing nicotine dependence in adolescents should be a top
priority and a major goal of tobacco cessation efforts, as this at-risk group is particularly
vulnerable to nicotine exposure (Kong & Krishnan-Sarin, 2017). Emerging evidence suggests
that adolescents/young adults experience nicotine addiction and dependence from e-cigarettes
(Morean et al., 2018; Vogel et al., 2020), which may even exceed that of traditional cigarettes
(Jankowski, Krzystanek, et al., 2019; Ramôa et al., 2016). The present study found that
adolescents in the preparation stage of quitting reported lower nicotine dependence than those in
the pre-contemplation and contemplation stages, suggesting that reducing nicotine dependence
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may help adolescents to prepare for quitting, which may also eventually help them to achieve
complete cessation.
Given that nicotine dependence may be an important barrier to e-cigarette cessation, there
is a need for specific guidance as to which screening and therapeutic strategies should be applied
with adolescents who consume electronic nicotine products (Hadland & Chadi, 2020). More
specifically, screening for e-cigarette use and its dependence in pediatric patient population and
other clinical settings could be a useful strategy to identify youth at risk, and provide them with
counseling or other intervention strategies (Jenssen et al., 2019; Morean et al., 2018; Vogel et al.,
2020). The five-step strategy, known as the 5As (ask, advise, assess, assist, and arrange), which
is commonly used by healthcare professionals to guide smoking cessation, can be used as a
framework when working with adolescents who use e-cigarettes (Hadland & Chadi, 2020).
Furthermore, adolescents who experience nicotine cravings and withdrawal, both of which are
likely to affect e-cigarette quit attempts, might be offered pharmacotherapy in combination with
behavioral interventions. Nicotine replacement therapy (NRT) is currently recommended for
adolescents seeking to quit smoking and may also be helpful for adolescents who use nicotine
containing e-cigarettes (Hadland & Chadi, 2020); however, determining the effectiveness of
behavioral and pharmacological interventions aimed at reducing e-cigarette dependence and in
promoting e-cigarette cessation among adolescents still requires more research. Additionally, due
to the data constraints, the current study did not assess the association of nicotine dependence
and use of NRT’s with e-cigarette quitting behavior; therefore, we recommend that future
research should consider exploring this relationship.
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Harm Perception
In the current study, adolescents were significantly less likely to quit e-cigarettes if they
perceived that people harm themselves “a little/some” from e-cigarettes and nicotine in ecigarettes were “slightly/somewhat harmful” to health; those adolescents who perceived that
people cause a “lot of harm” to themselves relative to “no harm” when they use e-cigarettes were
approximately 11 times more likely to be in the preparation stage than pre-contemplation stage.
Furthermore, if adolescents perceived the harmfulness of e-cigarettes to be same as the
traditional cigarettes, then they were three and half times more likely to transition from precontemplation stage to action stage.
All these findings indicate an urgent need to correct misperceptions of e-cigarette harms and
improve knowledge of its potential health risks by developing educational messages that increase
quit intentions and behavior among adolescents. Currently, there are some school-based (eg.
CATCH My Breath Youth E-cigarette Prevention Program, E-Cigarettes: What You Need to
Know: A Teacher’s Guide) and community-based (eg. This is Quitting, Become An EX)
interventions that have been developed to educate youth/young adults about e-cigarette use
harms and its prevention (O’Connor et al., 2019). Recently, a tailored and interactive text
message intervention, known as “This is Quitting”, has been found to be effective in promoting
e-cigarette cessation among young adults (Graham et al., 2020, 2021); additionally, in 2020, a
digital e-cigarette prevention curriculum (Vaping: know the truth) was launched linking it to the
“This is Quitting” text message program, to guide teachers and educate US youth about the
dangers associated with e-cigarette use (Truth Initiative, 2020a). However, more research is
needed to improve and evaluate the effectiveness of such interventions in promoting e-cigarette
quitting.
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Interpersonal level factors
Influence of family, friends, and other important people
At the interpersonal level, the present study found that adolescents whose parents/guardians
talked with them about not using e-cigarettes were two and half times more likely to be in the
preparation stage and three and half times more likely to be in the contemplation stage than precontemplation stage. On the other hand, if adolescents reported that “most/all” of their friends
and “important people” in their life use e-cigarettes then they were significantly less likely to be
in the preparation stage than pre-contemplation stage. Furthermore, adolescents who reported
that important people in their life used e-cigarettes were significantly less likely to transition
from pre-contemplation to action stages and approximately seven times more likely to remain
stagnant in the pre-contemplation stage. We also found that adolescents were less likely to quit ecigarettes if someone else in their home owned an e-cigarette or important people in their life
used e-cigarettes.
Based on these findings, it is clear that parents, family members, and other social
interactions are important target audiences for prevention campaigns and health messaging
(Alexander et al., 2018; Kong & Krishnan-Sarin, 2017), given that their influence, and ecigarette use and acceptance could affect quit intention and behavior among adolescents. The
healthcare setting could be one of the avenues where physicians, pediatricians, and other health
professionals should warn both adolescents and their parents about the health risks of using any
tobacco products including e-cigarettes, as well as other substances, such as marijuana, which
some adolescents use in e-cigarette devices (US Department of Health and Human Services,
2016; Walley et al., 2019). It is imperative that healthcare professionals encourage parents to
discuss health risks of using e-cigarettes with their children. Healthcare professionals should also
provide parents with resources to initiate discussion, and motivate them to adopt tobacco-free
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polices (including e-cigarette free policy) at home and in cars (Drehmer et al., 2019; US
Department of Health and Human Services, 2016). Our study consistently showed that individual
and interpersonal factors are important determinants of e-cigarette cessation; thus, developing
didactic educational programs involving both parents and adolescents could be a useful
intervention strategy. Additionally, evidence suggest that most parents rely on schools to educate
themselves and their child on e-cigarettes, however, they receive little communication from their
school on the topic (Jones & Salzman, 2020). There is a need for increased efforts targeting
effective school-to-parent communication using multiple channels. Furthermore, educational
resources for parents should not only include information on health risks of e-cigarettes, but also
on the increasing e-cigarette use prevalence, their expanding scope on the market, and ways to
quit using these products (Patel et al., 2019).
The results from our structural equation modeling identified significant direct relationships
of individual and interpersonal factors with e-cigarette quitting behavior among adolescents; it
also revealed a significant relationship between both these latent factors, suggesting that
adolescents harm perception may get influenced if someone in their home owned e-cigarettes or
important people in their life used an e-cigarette, which may in turn affect adolescent’s quitting
behavior. Understanding further the role of parents, family members and other social network
members in influencing adolescents’ e-cigarette quit intention and behavior is an important
avenue for future research and intervention.
Environmental/policy level factors
It is only in our cross-sectional analysis that we found few environmental/policy level
factors to be significantly associated with e-cigarette quit intentions. Specifically, we found that
adolescent users who “often/very often” and “rarely/sometimes” noticed health warnings on e-
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cigarette packages relative to those who “never” noticed such warnings were approximately four
and half and three times, respectively, more likely to be in the contemplation stage than precontemplation stage of change for intention to quit. Health warnings on e-cigarettes packages are
a promising policy level strategy which has been effective in reducing college student’s intention
to use e-cigarettes by increasing their perceived risk of using such products (Lee et al., 2018).
Furthermore, these warnings are known to increase conversations about quitting e-cigarettes, and
the intentions to quit among US adults (Mendel et al., 2018). Currently, the US Food and Drug
Administration (FDA) requires a single, text-only warning about nicotine addiction on ecigarette packages, which has been somewhat effective in increasing quit intentions among US
adults (Brewer et al., 2019). Furthermore, additional e-cigarette text warnings (other than
nicotine addiction) as well as pictorial e-cigarette warnings have also shown promising results
(Brewer et al., 2019). Future research should focus on evaluating the effectiveness of these
different types of e-cigarette warnings in increasing quit intentions and behavior among
adolescents.
In the current study, a significantly smaller proportion of adolescents in the preparation
stage than pre-contemplation and contemplation stages reported that they were sold e-cigarettes
in the past 30-days, which indicates the need for federal authorities to continue monitoring and
ensure compliance with the regulations aimed at protecting adolescents from accessing ecigarettes (Food and Drug Administration, 2020). Surprisingly, adolescents who reported that
they “rarely/sometimes” saw anti-tobacco advertisements relative to those who “often” saw it
were almost 3 times more likely to be in the contemplation stage than pre-contemplation stage.
This may be because almost 50% of adolescents in this study reported that they
“rarely/sometimes” saw these advertisements; furthermore, the question inquired about anti93

tobacco advertisement in general and was not specific to anti-e-cigarette advertisement or
campaign. Currently, there are some public educational campaigns available in the US to prevent
e-cigarette use among adolescents such as smokescreen, which is an e-cigarette and smoking
prevention-based videogame focused on handling peer pressure and good decision making,
Vanish the Vape, that educate students and families on the consequences of e-cigarette using
presentations, posters, social media and videos, and The “Real Cost” Youth E-Cigarette
Prevention Campaign by FDA, which conveys messages about the dangers of using e-cigarettes
as well as the adverse health consequences of nicotine youth development using posters, online
video ads, digital and other social media content (O’Connor et al., 2019). Although recent studies
have shown that exposure to The Real Cost e-cigarette prevention ads improves risk perception,
as well as lowers intention to use e-cigarettes among youth/young adults (Noar et al., 2020;
Rohde et al., 2020; Xuan & Choi, 2021), additional research is needed to understand the impact
of this population-wide communication campaign in increasing adolescents quit intentions and
behavior.
Limitations
The present study offers several important insights, and to the best of our knowledge, is
the first study to examine the association of various socio-ecological factors with e-cigarette quit
intention and behavior using a nationally representative, population-based sample of US
adolescents. However, there are several limitations of this study which need to be considered.
First, since the study used observational designs, it is difficult to establish the cause-and-effect
relationships between the predictor and outcome variables. Second, the data were self-reported,
and this increases the risk of recall or reporting biases. Third, the SOC questions for e-cigarette
quitting were not exactly in accord with previous traditional criteria (DiClemente et al., 1991),
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and this difference in the definition of the SOC made it difficult to directly compare the results of
relevant studies. There are also conceptual and practical concerns associated with the use of SOC
(Armitage, 2009; Brug, 2004; Littell & Girvin, 2002), but despite these concerns, the model has
easy application and intuitive appeal among clinicians (West, 2005), reasonable construct and
predictive validity (Hummel et al., 2018), and been applied by many researchers in their studies
(Daoud et al., 2015; Hoving, 2006; Jung, 2016; Kim et al., 2018; Leem et al., 2017; Tsoh et al.,
2011).
Fourth, due to the small sample size, we had to combine the contemplation and preparation
SOC in one of our prospective studies. Additionally, sample size included in some of our
analysis might not be sufficient and may have led to non-significant association between some of
our independent and outcome variables. Finally, missing data due to faulty skip patterns used for
the PATH survey questions and unavailability of common questions in Youth and Adult data, we
were not able to examine some variables such as nicotine dependence and family/friends
influence on e-cigarette quitting behavior in our prospective observational studies. Furthermore,
the current study did not examine other critical quitting-related determinants such as the use of
nicotine replacement therapies, previous quit attempts, self-efficacy and other cognitive
variables, and socio-economic status. Future studies should also consider examining these factors
using both quantitative and qualitative methodologies to better understand quit intention and
behavior among adolescents.
Conclusion
Research on e-cigarettes, to date, has largely centered on their potential utility as a
smoking cessation aid. Although more research is required to understand different e-cigarette
products and their long-term health impacts, evidence regarding their increased popularity of use,
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potential for nicotine addiction and dependence, and risks to health continue to emerge. Ecigarette use among US adolescents threatens to reverse decades of progress made in tobacco
control and cessation efforts. Our study provides valuable insights on the factors associated with
e-cigarette quit intention and behavior among US adolescents. The results suggest that harm
perception and nicotine dependence, influence of family, friends, and other important people, ecigarette accessibility, anti-tobacco advertisements, and e-cigarette health warnings are some of
the important factors significantly associated with e-cigarette quit intention and/or behavior.
There are currently many effective strategies available to encourage tobacco quit intention and
behavior among adolescents, and many of these strategies can also be applied to e-cigarettes.
Effective future interventions and cessation strategies will need to address the complex interplay
of socio-ecological factors to encourage adolescents to positively navigate through stages of
quitting e-cigarettes, and eventually help them to quit using it.
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